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PREFACE 


This  Seminar  is  held  as  a medium  by  which  there  may  be  a free  exchange 
of  information  regarding  explosives  safety.  With  this  idea  in  mind, 
these  minutes  are  being  provided  for  your  information.  The  presentations 
made  at  this  Seminar  do  not  imply  indorsement  of  the  ideas,  accuracj*  of 
facts  presented,  or  any  product,  by  either  the  Department  of  Defense 
Explosives  Safety  Board  or  the  Department  of  Defense. 


P.  F.  KLEIN 
Captain,  USN 
Chairman 


TABLE  OF  CONTENDS 


VO  LI  WE  I 

WELCOME  ADDRESS 

Capt  P.  F.  Klein,  USN,  Chairman,  Department  of  Defense 

Explosives  Safety  Board,  Washington,  D.  C.  1 

SUMMARY  REPORT  ESKIMO  III  TEST 

Dr.  T.  A.  Zaker,  DDESB,  Washington,  D.  C.  3 

AMERICAN  DEFENSE  PREPAREDNESS  ASSOCIATION  AND  ITS  RELATION 
TO  NATIONAL  SECURITY 

Mr.  John  Alison,  Northrop  Corp.,  Alexandria,  VA  9 

THE  NATO  DRESTC  TRIAL  SERIES 

Mr.  B.  G.  Laidlaw,  Defence  Research  Establishment  Suffield, 

Ralston,  Alberta,  Canada  23 

SAFETY  IN  THE  EXPLOSIVES  BUSINESS 

Mr.  G.  A.  Chandler,  Olin  Corp.,  New  Haven,  CT  43 

THE  UK  ORDNANCE  BOARD  AND  ITS  ROLE  YESTERDAY  AND  TODAY 

MajGen  P.J.M.  Pellereau,  Ordnance  Board,  United  Kingdom  49 

THE  UNITED  NATIONS  SYSTEM  OF  CLASSIFICATION  OF  EXPLOSIVES 

Mr.  R.  R.  Watson,  Ministry  of  Defence,  United  Kingdom  73 

AN  OVERVIEW  OF  THE  SUPPRESSIVE  SHIELDING  PROGRAM 
Mr.  P.  V.  King,  Edgewood  Arsenal,  MD 

BENSON,  ARIZONA  RATLROAD  EXPLOSIVES  ACCIDENT 

Mr.  H.  H.  Wakeland,  Department  of  Transportation,  Wash,  DC  141 

NONLINEAR  DYNAMIC  RESPONSE  OF  MAGAZINE  HEADWALLS 
Messrs  D.  P.  Reddy,  H-S  Ts'ao,  & R.  W.  Dowdy, 

Agbabian  Associates,  El  Segundo,  CA  143 

ESKIMO  III  MAGAZINE  STRUCTURE  DAMAGE  OBSERVATIONS 

Dr.  T.  A.  Zaker,  DDESB,  Washington,  D.  C.  179 

AIRBLAST  EFFECTS  ON  WINDOWS  IN  BUILDINGS  AND  AUTOMOBILES 
ON  THE  ESKIMO  III  EVENT 

Messrs  E.  R.  Fletcher,  D.  R.  Richmond,  & D.  W.  Richmond, 

Lovelace  Foundation,  Albuquerque,  NM  185 

THE  NATIONAL  EXPLOSIVES  TAGGING  PROGRAM 

Mr.  R.  F.  Dexter,  BuAlcohol, Tobacco, Firearms, 

Treasury  Department,  Washington,  D.  C. 


iii 


215 


HAZARD  CLASSIFICATION  TESTS  (TB- 700-2)  OF  XMI88E1 
PROPELLING  CHARGE 

Mr.  Edmund  Demberg,  Picatinny  Arsenal,  Dover,  NJ  241 

TNT  EQUIVALENCY  INVESTIGATIONS 

Mrs.  Hyla  S.  Napadensky,  IIT  Research  Institute,  Chicago,  IL 
& M?:.  L,  Jablansky,  Picatinny  Arsenal,  Dover,  NJ  279 

EFFECTS  OF  CHARGE  SHAPE,  CHARGE  COMPOSITION  AND  SURFACE 
CONDITIONS  ON  BLAST  ENVIRONMENT 

Mr.  J.  E.  Tancreto,  Civil  Eng  Lab,  NCBC  Port  Hueneme,  CA  JOl 

THE  QUANTITY/DISTANCE  CATEGORY  (OR  HAZARD  CLASSIFICATION) 

OF  GUN  AND  ROCKET  PROPELLANTS 

Messrs  K.  N.  Bascombe  & R.M.H.  Wyatt,  Ministry  of  Defence,  UK  335 

APPLICATION  OF  LATEST  SAFETY  ENGINEERING  CONCEPTS  TO 
MUNITION  PLANT  MODERNIZATION 

Mr.  Irving  Forsten,  Picatinny  Arsenal,  Dover,  NJ  353 

EXPLOSIVE  SAFETY  DESIGNS  IN  A CONTINUOUS  AUTOMATED  MULTI-BASE 
PROPELLANT  MANUFACTURING  FACILITY 

Mr.  F.  T.  Kristoff,  Hercules  Inc,  Radford  AAP,  VA  381 

A MANAGEMENT  APPROACH  TO  SAFETY  DURING  PLANT  MODERNIZATION 
AND  AN  EXAMPLE  OF  ACTUAL  APPLICATION 

Messrs  J.  0.  Gill  & J.  A.  Kress,  NAPEC,  NAD  Crane,  IN  405 

THE  QUANTIFICATION  OF  EXPLOSIVE  ORDNANCE  SAFETY 

Mr.  S.  B.  Andrews,  Jr.,  NWL  Dahlgren,  VA  435 

NAVY/JCAP  ACCIDENT-INCIDENT  DATA  AND  SAFEORD  INFORMATION  SYSTEMS 

Mr.  C.  E.  Hart,  NWL  Dahlgren,  VA  459 

ULTRA  HIGH  SPEED  FIRE  PROTECTION  SYSTEMS  FOR  ARMY  AMMUNITION  PLANTS 
Mr.  A.  H.  Petersen,  Detector  Electronics  Corp,  Minn.,  MN  471 


CLASSIFICATION  AND  ITS  PITFALLS  FOR  PYROTECHNIC  COMPOSITIONS 

Mr.  F.  L.  McIntyre,  GE  Co,  Natl  Space  Tech  Labs,  Bay  St  Louis,  MS  479 

SYSTEMATIC  APPROACH  TO  HAZARD  AND  DAMAGE  POTENTIAL 

Dr.  G.  L.  McKown,  Edgewood  Arsenal  Resident  Lab,  Bay  St  Louis,  MS  487 

EFFECTS  OF  ENVIRONMENTAL  AND  PROCESSING  CONDITIONS  ON  COMPOSITION 
AND  SENSITIVITY  OF  HC  WHITE  SMOKE  MIX 

Dr.  G.  L.  McKown,  Edgewood  Arsenal  Resident  Lab,  Bay  St  Louis,  MS  493 

SAFETY  THROUGH  DIRECT  DIGITAL  CONTROL 

Mr.  Norl  Hamilton,  ICI  United  States  Inc,  Volunteer  AAP,  TN  503 


iv 


THE  "MINUTE  MELTER" 

Mr.  J.  M.  Sirls,  Martin  Marietta  Alum  Sales  Inc,  Milan  AAP,  TN  509 

HIGH  PRESSURE  WATER  WASHOUT  AS  TESTED  ON  COMP  A-3  LOADED 
5”  PROJECTILES 

Mr.  L.  L.  Leonard,  NAPEC,  NAD  Crane,  IN  515 

BEHAVIOUR  OF  NITROESTERS  IN  ACID  SOLUTIONS 

Messrs  E.  Camera,  B.  Zotti,  M.  Ing,  S.A.  Biazzi, 

Vevey,  Switzerland  549 

ON-LINE  CONTINUOUS  INSPECTION  OF  LINKED  AMMUNITION 

Mr.  C.  S.  Skinner,  Booz, Allen, ^Hamilton  Inc,  Cleveland,  OH  555 

ENHANCED  SAFETY  IN  MILITARY  SHIPMENTS  OF  HAZARDOUS  MATERIALS 
Mr.  W.  J.  Burns,  Department  of  Transportation,  Wash,  DC  573 

PACKAGING,  HANDLING,  STOWAGE,  & TRANSPORTATION  ADVANCES  IN 
NAVAL  ORDNANCE 

Messrs  J.E.  Kelley  & J.F.  Latham,  NavWpnsHdlgLab,  NAD  Earle,  NJ  583 

TRANSPORTATION  OF  MILITARY  AMMUNITION  AND  EXPLOSIVES 

Mr.  J.  H.  Edgerton,  MTMCTEA,  Newport  News,  VA  591 

CHANGES  TO  46  CFR  146.29  (CG-108) 

ENSIGN  D.  A.  Riikonen,  USCG,  HQ  U.S.  Coast  Guard,  Wash,  DC  617 

THE  IMPACT  OF  HAZARD  IDENTIFICATION  NUMBERS  ON  EXPLOSIVES 
SAFETY  IN  TRANSPORTATION 

Mr.  R.  R.  Weiss,  Redstone  Arsenal,  AL  621 

INFLUENCE  OF  BURST  POSITION  ON  AIRBLAST,  GROUND  SHOCK.  AND 
CRATERING  IN  SANDSTONE 

Messrs  J.K.  Ingrain,  J.L.  Drake,  & L.F.  Ingrain,  USAEWES, 

Vicksburg,  MS  623 

DAMAGE  POTENTIAL  FROM  REAL  EXPLOSIONS:  TOTAL  HEAD  AND 
PROMPT  ENERGY 

Mr.  F.  B.  Porzel,  NOL  Silver  Spring,  MD  633 

CRITERIA  FOR  SAFETY  AND  ENVIRONMENTAL  HAZARDS  IN  FIELD  TESTING 

Mr.  G.  A.  Young,  NOL  Silver  Spring,  MD  657 

DESIGN  OF  A FACILITY  FOR  THE  CAMMA  IRRADIATION  OF  PROPELLANT 
AND  EXPLOSIVES 

Messrs  R.  Campbell,  K.  Kim,  o G.  Varsi,  Jet  Prop  Lab,  Pasadena,  CA  687 


ENVIRONMENTAL  BLAST  EFFECTS  DUE  TO  ACCIDENTAL 
DETONATION  OF  A MONOPROPELLANT  FUEL 

Mr.  John  Miguel,  NUSC  Newport-,  HI  709 

SIMPLIFIED  BLAST  NUISANCE  PREDICTIONS  FOR  SMALL  EXPLOSIONS 

Mr.  J.  W.  Reed,  Sandia  Laboratories,  Albuquerque,  NM  741 

EXPLOSIVE  INCIDENT  IN  THE  CONTINUOUS  TNT  PROCESS 

Mr.  E.  P.  Moran,  Jr.,  ARMCOM,  Rock  Island,  IL  751 

MAJOR  EXPLOSION  INVESTIGATION  MANAGEMENT 

LTC  R.  A.  Stephans,  USA,  Volunteer  AAP,  Chattanooga,  TN  755 

■s'  HAZARD  ANALYSIS  AS  AN  ACCIDENT  PREVENTION  TOOL 

Mr.  H.  E.  Lindler,  AMC  Fid  Safety  Agency,  Charlestown,  IN  769 


Volume  II  contains  pauses  793  thru  1570 


WELCOME  ADDRESS 


Captain  P.  F.  Klein,  USN 
Chairman 

Department  of  Defense  Explosives  Safety  Board 


1 Ladies  and  Gentlemen 

; j 

It  is  with  considerable  pleasure  that  I welcome  you  to  this  16th  Annual 
Explosives  Safety  Seminar.  In  the  past,  the  sessions  have  been  widely  ) 

acclaimed  in  the  explosives  safety  community  of  the  United  States  and  I 
sincerely  hope  that  the  results  of  this  Seminar  reflect  previous  standards.  . 

It  is  always  our  purpose  to  provide  professionally  stimulating  and  informa- 
tive material  for  these  gatherings.  The  agenda  which  we  have  drawn  up  for 
this  year  is  a very  good  one. 

I would  also  like  to  particularly  welcome  several  of  our  professional 
friends  from  other  countries. 

• Let  me  introduce  the  designated  Members  of  the  Explosives  Safety  Board: 

5 from  the  Department  of  the  Army,  Colonel  Jerry  Aaron;  Department  of  the 

Navy,  Captain  Don  Knutson;  and  Department  of  the  Air  Force,  Colonel  Jim 
Huffman. 

The  Department  of  Defense  Explosives  Safety  Board  and  its  Secretariat  has 
completed  a very  successful  twelve  mouths  since  our  la^t  Seminar  in  which 
we  moved  forward  to  grapple  with  some  of  the  explosives  safety  problems 
present  in  DoD  installations  around  the  world.  We  have  conducted  extensive 
explosives  safety  surveys  of  our  air  bases,  ports,  ammunition  depots  and 
magazines,  sites  and  other  munitions  related  facilities  in  the  Mediterranean 
countries.  Great  Britain,  Germany,  in  the  East  and  our  states  and  territories 
in  the  West,  Hawaii,  Guam,  and  Okinawa.  These  surveys  revealed  much  that 
was  good  and  also  areas  that  need  improvement.  There  are  many  lower  ranking 
military  officers  and  their  corresponding  lower  ranking  civil  servant  grade 
structure  helpers  out  in  the  field  who  are  hard  working  and  enthusiastic 
about  their  jobs.  They  need  your  support  - you  military  and  civil  servants 
at  the  various  headquarters  and  staff  levels.  I emphatically  recommend 
that  you  get  away  from  your  desks  when  possible  and  visit  with  them  to 
learn  their  problems  and  give  them  your  advice.  The  one  thing  they  lack 
is  the  experience  which  you  have  gained  over  many  years  of  Kcst  hand 
association  with  explosives.  We  must  continue  to  build  our  cadre  of 
knowledgeable  explosives  safety  professionals  in  the  Military  Services 
and  in  the  Civil  Service. 


Now  when  the  visiting  inspection  team  enters  your  reservation,  the  tired 
old  cliche  “we're  only  here  to  help  you"  usually  is  heard.  I like  to 
think  that  in  our  case  the  old  cliche  is  not  jo  tired.  My  Secretariat 
Safety  Engineers  have  several  hundred  years  of  personal  experience  to 
back  up  their  comments  and  recommendations.  Additionally,  and  most 
important,  they  have  been  all  over  the  world  and  have  seen  first  hand 
similar  problems  and  how  they  were  solved.  Your  site  plans  for  new  con- 
struction in  zones  affected  by  explosives  safety  considerations  receive  a 
comprehensive  review  at  our  offices  before  they  are  approved  or  reiected. 

The  DoD  policy  is  that  such  construction  should  receive  Explosives  Safety 
Board  approval  before  it  is  commenced.  Therefore  complete  site  plan  sub- 
mittal is  a must  in  order  to  get  a favorable  review.  We  strongly  endorse 
upgrading  and  improvement  at  our  munitions  facilities  within  reasonable 
explosives  safety  criteria  and  will  do  whatever  is  required  to  bring  this 
about. 

The  Explosives  Safety  Board  itself  held  six  form*-:!  meetings  on  a variety  of 
subiects  during  the  past  twelve  months.  First  and  foremost  we  approved  a 
revised  DoD  Explosives  Safety  Standards  Manual  which  is  being  printed  now 
and  will  be  distributed  before  the  end  of  the  year.  It  incorporates  our 
newest  policy  on  quantity-distance  criteria  and  hazard  group  classification 
and  we  believe  that  it  is  now  a better  format.  Accompanied  by  the  various 
Board  Members,  we  have  climbed  in  and  out  of  igloos,  mag' lines,  ships,  and 
shore  stations.  I introduced  Col  Huffman  to  the  six  dec*  configuration 
of  our  Navy's  destroyer  and  submarine  tenders,  of  course,  with  the  munitions 
on  the  bottom  deck.  With  Col  Aaron  we  prowled  the  back  woods  of  the  Army  in 
Germany  and  wondered  at  the  marvelous  autobahns,  especially  when  we  got  lost. 
Capt  Knutson  has  just  this  ;^onth  joined  the  Board  and  as  yet  we  haven't  had 
an  opportunity  to  get  him  out  in  the  field.  The  Board  Members  have  looked 
at  an  air  defense  site,  a large  naval  munitions  handling  complex,  and  an 
Army  industrial  type  munitions  facility.  They  have  seen,  first  hand,  the 
problems  involved  and  as  such  were  then  in  a better  position  to  arrive  at 
a reasonable  decision. 

Finally,  as  Chairman,  I have  flown  over  80,000  miles  since  our  last  Seminar 
in  quest  of  first  hand  knowledge  of  all  Service’s  munitions  facilities. 

I have  frozen  at  Korean  air  bases  in  winter  and  sweltered  at  Tooele  Army 
Depot  in  summer.  Looking  back  it  would  appear  that  my  scheduler  is  180 
degrees  out  of  phase. 

I have  enjoyed  my  visits  to  our  DoD  installations  and  have  come  away 
convinced  of  several  facts.  We  need  more  cross  talk  between  the  munitions 
communities  of  the  various  Services  out  in  the  field  when  they  are  in  close 
proximity.  My  visits  to  several  areas  have  engendered  this  concept.  We 
need  to  upgrade  and  improve  munitions  facilities  throughout  the  DoD 
Components.  Although  I attack  this  problem  from  the  explosives  safety 
viewpoint,  the  end  result  is  a better  operational  capability  for  our 
Armed  Forces  along  with  s protection  of  our  investment  of  millions  of 
dollars  in  munitions  of  all  types. 
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Summary  Report 
ESKIMO  III  TEST 


Dr,  T.  A.  Zaker 

Department  of  Defense  Explosives  Safety  Board 
Washingto  1,  D.  C. 


ESKIMO  III  was  the  third  in  a series  of  full-scale  tests  of  earth-covered 
magazines  sponsored  by  the  Department  of  Defense  Explosives  Safety  Board 
and  conducted  at  the  Naval  Weapons  Center,  China  Lake,  California,  The 
test  was  executed  on  12  June  1974.  Principal  findings  have  been  summarized 
in  a motion  picture  film  report  describing  the  test. 

Background 

The  ESKIMO  series  of  tests  is  directed  primarily  toward  determining  minimum 
separation  distances  required  between  earth-covered  magazines,  or  igloos, 
at  various  orientations  to  one  another.  Intermagazine  distances  are  in- 
tended to  provide  protection  against  explosion  communication  between 
magazines. 

In  ESKIMO  I,  minimum  safe  distances  were  determined  for  situations  in  which 
the  heoriwall  of  a magazine  faces  the  earth-covered  side  or  rear  of  another 
(1)*.  ihe  explosion  source  in  ESKIMO  I consisted  of  an  igloo  filled  with 
TNT-loaded  155mm  projectiles.  The  performance  of  the  one  headw&ll  design 
tested,  while  adequate  at  the  distances  determined  in  ESKIMO  I,  was  con- 
sidered to  warrant  confirmation  at  the  same  scaled  distances  from  a still 
larger  explosion  source. 

In  ESKIMO  II,  several  different  door  and  headwall  combinations,  and  modi- 
fications to  those  designs,  were  exposed  to  face-on  explosive  blast  loading 
from  an  earth-barricaded  itovegrounci  stack  of  750-lb  bombs  (2).  The  stack 
was  designed  to  produce  loadings  equivalent  to  those  in  exposures  at  the 
required  front-to-rear  distance  from  an  igloo  containing  500,000  pounds 
of  explosives,  the  most  permitted  in  a single  magazine.  Strong  directional 
blast  effects  were  observed  from  the  explosion  source  in  ESKIMO  II,  resulting 
in  impulse  loads  up  to  twice  the  design  level  on  the  headwalls  exposed. 

While  straightforward  modifications  to  existing  construction  did  not  appear 
to  be  effective,  * newly  designed  single-leaf  sliding  door  withstood  the 
blast  very  well.  In  combination  with  a sufficiently  strong  headwall,  the 
door  can  be  expected  provide  a high  degree  of  protection  to  stored 
ammunition. 


*Numbers  in  parentheses  designate  references. 
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Objectives  and  Layout 


One  of  the  test  structures  remaining  from  ESKIMO  II  was  a corrugated  steel 
arch  magazine  having  a noncircular  cross-section  better  suited  to  storage 
of  unitized  loads  of  rectangular  block  shape  than  is  the  semicircular  arch. 
This  igloo  had  been  built  to  the  full  80-ft  length  of  a standard  earth- 
covered  magazine,  anticipating  an  eventual  test  of  it  under  lateral  explo- 
sive Mast  loading.  A principal  aim  of  ESKIMO  III  was  the  full-scale 
qualification  of  the  noncircular  arch  design  at  the  minimum  side-to-side 
spacing  '•etermined  by  tests  in  1962-63  c semicircular  steel  arch  maga-’nes. 

A new  donor  igloo,  and  a parallel  acceptor  flanking  the  donor  on  the  side 
opposite  the  oval  arch  structure,  were  built  with  light-gage,  deep-corrugated 
semicircular  steel  arch  sections,  a design  recommended  by  one  of  the  Military 
Departments  for  reasons  of  economy.  In  the  process  of  qualifying  these 
igloo  designs,  ESKIMO  III  was  expected  to  demonstrate  the  effectiveness  of 
earth  cover  in  preventing  explosion  communication,  and  in  suppressing  blast 
effects  from  explosion  of  the  donor  charge,  which  consisted  of  350,000 
pounds  of  tritonal  in  750-lb  bombs.  The  layout  of  test  magazines  is  shown 
in  the  accompanying  figure. 

Near-field  instrumentation  included  pressure  gages  and  motion  transducers 
to  determine,  in  considerable  quantitative  detail,  the  close-in  blast 
loading  and  the  dynamic  response  of  the  arch  structures.  The  dynamic 
response  of  the  arches  flanking  the  donor  magazine  was  observed  by  means 
of  accelerometers,  linear  displacement  transducers,  and  telescoping  rod- 
and-pipe  scratch  gages  at  the  mid-and  quarter-sections  of  each  structure. 

Pressure  gages  were  installed  in  the  headwalls  of  the  target  igloos  and  at 
the  ground  surface  immediately  forward  of  each  igloo.  Other  gages  were 
emplaced  at  the  surface  of  the  earth  cover  over  the  midsections  of  the 
flanking  igloos  A and  B in  the  accompanying  figure,  and  to  the  rear  of  the 
donor  at  three  positions  bracketing  the  currently  permitted  front-to-rear 
magazine  distance  established  in  ESKIMO  I. 

Magazines  shown  in  the  figure  remaining  from  previous  tests  and  rebuilt  for 
ESKIMO  III  permitted  evaluation  of  intermagazine  distances  for  orientations 
other  than  side-to-side.  Igloo  C,  representing  a front-to-side  exposure 
at  the  minimum  distance  permitted  for  this  orientation,  was  fitted  with 
the  single-leaf  sliding  door  first  designed  for  ESKIMO  II.  Notwithstanding 
some  degree  of  unobstructed  headwal 1-to-headwal 1 exposure.  Igloo  D is  at 
about  twice  the  minimum  side-to-side  distance  for  which  it  qualifies  under 
present  standards.  Igloo  E represents  a barricaded  front-to-front  exposure 
at  a distance  about  two-thirds  that  permitted  by  standards  for  this 
orientati on. 

Wood  frame  cubicles  with  large  glass  windows  were  positioned  at  several 
distances  in  the  far  field,  as  in  ESKIMO  II  (2).  The  cubicles,  each  9 ft 


4 


V" 


Northwest  Gage  tine 


\ 


\ 


\ 


\ 


\ 


Layou 


Figure  1 ESKIMO  III  Test  Area 


.t 


on  an  edge,  were  placed  in  sets  of  three  at  the  U.S.  and  NATO  inhabited 
building  distances,  and  at  half  again  the  NATO  distance.  A tenth  cubicle, 
housing  an  anthropomorphic  dummy,  was  located  at  the  U.S.  distance.  In  the 
other  nine,  foamed  polystyrene  boards  were  fastened  to  the  rear  wall  to 
trap  glass  fragments  for  later  analysis.  Highway  vehicles  were  positioned 
at  the  U.S.  and  NATO  public  traffic  route  distances,  and  at  the  NATO 
inhabited  building  distance.  An  anthropomorphic  dummy  was  seated  in  one 
of  the  automobiles  at  the  U.S.  distance. 

A H-29  airplane,  previously  exposed  to  low  levels  of  blast  in  ESKIMO  I and 
II,  was  located  at  about  one-third  the  required  distance  required  by  stan- 
dards for  passenger  aircraft. 

Blast  pressure  measurements  were  made  using  self-recording  gages  placed  in 
pairs  at  locations  in  the  far  field  ranging  out  to  the  U.S.  inhabited 
building  distance.  Motion  picture  coverage  was  extensive,  including  tele- 
photography from  ground  stations  to  the  south,  west,  and  northwest,  and 
coverage  of  door  and  headwall  movement  by  cameras  in  each  of  the  target 
magazines. 

Film  Report 

A 22-minute,  16nm  sound  motion  picture  produced  by  the  Naval  Weapons  Center, 
China  Lake  was  shown. 

Results  and  Implications 

ESKIMO  HI  demonstrated  at  full  scale  the  effectiveness  of  both  the  non- 
circular  structural  steel  arch  igloo  and  the  light  gage,  deep  corrugated 
circular  arch  in  resisting  explosive  blast  forces  at  the  minimum  side-to-side 
distance  permitted  by  standards.  Significantly  greater  arch  deformat. on 
occurred  in  the  latter  case,  however. 

The  single-leaf  sliding  door  appears  to  provide  ample  protection  to  magazine 
contents  at  the  presently  permitted  f ront-to-side  distance.  On  the  other 
hand,  no  significant  reduction  of  the  present  barricaded  front-to-front 
separation  seems  justified. 

The  levels  of  damage  to  windows  sc  che  U.S.  inhabited  building  distance, 
and  to  vehicles  at  the  U.S.  highway  distance,  appear  acceptable  and  con- 
sistent with  the  protection  afforded  against  smaller  quantities  than  that 
involved  in  ESKIMO  III. 

Preliminary  analysis  of  the  pressure  records  from  near  field  gages  has 
confirmed  that  the  earth  cover  on  the  explosion  source  reduces  drastically 
the  ciose-in  peak  pressure  and  the  impulse  as  well.  This  result  has 
important  implications  for  storage  arrangements  involving  both  aboveground 
and  earth-covered  magazines. 
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The  effect  of  earth  cover  in  suppressing  close-in  blast  is  being  investi- 
gated in  detail  at  a small  scale  in  a program  of  model  tests  sponsored  by 
the  Board  at  the  U.S.  Army  Ballistic  Research  Laboratories.  Also  being 
conducted  under  the  Board's  auspices,  in  an  effort  to  exploit  the  full- 
scale  results  of  the  ESKIMO  series,  is  a finite-element  numerical  analysis 
of  igloo  headwall  and  door  response  to  blast  loading.  This  will  eventually 
provide  a tool  for  evaluating  the  performance  of  alternate  designs,  with 
less  reliance  on  full-scale  testing.  These  developments,  as  well  as  the 
data  analysis  for  ESKIMO  III  accomplished  thus  far,  are  reported  in 
specialist  sessions  at  this  Seminar. 

A fourth  test  in  the  ESKIMO  series  is  planned  as  a final  confirmation  of 
the  effectiveness  of  the  single-leaf  sliding  door  at  the  minimum  permitted 
front-to-rear  magazine  distance.  In  this  test,  the  front  of  the  noncircular 
arch  igloo  will  be  exposed  face-on  to  blast  from  an  aboveground  explosive 
charge.  Measurements  to  the  rear  of  the  donor  magazine  in  ESKIMO  III 
indicate  that  the  free-field  pressure  and  impulse  observed  there  are  the 
same  as  would  be  produced  by  a 37,000-lb  TNT  hemisphere  about  150  ft  away. 
Thus  the  near-field  blast  from  ESKIMO  III  can  apparently  be  sibilated  by 
an  aboveground  charge  of  little  more  than  one -tenth  the  explosive  quantity. 
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AMERICAN  DEFENSE  PREPAREDNESS  ASSOCIATION 
AND  ITS  RELATION  TO  NATIONAL  SECURITY 

Mr.  John  Alison 
Vice  President 
Northrop  Corporation 
Alexandria,  Virginia 

I AM  GRATEFUL  FOR  THIS  OPPORTUNITY  TO  PARTICIPATE 
IN  YOUR  MEETING.  THE  ATTENTION  GIVEN  TO  EXPLOSIVES  SAFETY 
BY  BOTH  INDUSTRY  AND  GOVERNMENT  AND  THE  LARGE  ATTENDANCE 
AT  THIS  SEMINAR  IS  EVIDENCE  THAT  THIS  IS  AN  IMPORTANT  TECH- 
NICAL GATHERING.  IT  IS  THE  KIND  OF  MEETING  TO  WHICH  ADPA 
HAS  TRADITIONALLY  GIVEN  ITS  SUPPORT. 

THE  OBJECTIVE  OF  ADPA  IS  MILITARY  AND  INDUSTRIAL 
PREPAREDNESS  OF  THE  UNITED  STATES.  WE  WERE  ORGANIZED  AS 
THE  ARMY  ORDNANCE  ASSOCIATION  IN  1919  BY  CITIZENS  WHO  HAD 
BEEN  CALLED  TO  WASHINGTON  BY  PRESIDENT  WILSON  TO  MOBILIZE 
AMERICAN  INDUSTRY  IN  SUPPORT  OF  WORLD  WAR  I.  THESE  PUBLIC 
MINDED  CIVILIANS  WERE  SHOCKED  BY  THE  ABSENCE  OF  MOBILIZATION 
PLANNING  AND  INDUSTRIAL  READINESS.  THEIR  GOAL  WAS  TO  AVOID 
FUTURE  COSTLY  AND  INEFFICIENT  MOBILIZATIONS  BY  WORKING 
WITH  GOVERNMENT,  INDUSTRY  AND  THE  COMMUNITY  AT  LARGE 
TO  FOSTER  DEFENSE  READINESS  IN  TIME  OF  PEACE.  AFTER  WORLD 
WAR  II  WHEN  THE  DEFENSE  FORCES  WERE  UNIFIED  UNDER  THE 
DEPARTMENT  OF  DEFENSE,  THE  NAME  OF  THE  ORGANIZATION  WAS 
CHANGED  TO  THE  AMERICAN  ORDNANCE  ASSOCIATION,  AND  RECENTLY, 
THE  NAME  WAS  CHANGED  TO  THE  AMERICAN  DEFENSE  PREPAREDNESS 

Preceding  page  blank 
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ASSOCIATION.  ALTHOUGH  THIS  DESIGNATION  IS  LONGER  THAN  WE 
LIKE.  IT  DOES  ACCURATELY  REFLECT  THE  PURPOSE  OF  THE 
ASSOCIATION. 

AS  PRESIDENT  OF  ADPA  I WAS  FREQUENTLY  CALLED  UPON 
TO  TALK  TO  OUR  CHAPTERS  AND  TO  OUTSIDE  GROUPS  INTERESTED 
IN  NATIONAL  DEFENSE.  MANY  OF  THE  OCCASIONS  WERE  DINNER 
MEETINGS  AT  WHICH  LADIES  AND  GUESTS.  NOT  INTIMATELY 
FAMILIAR  WITH  THE  PROBLEMS  OF  DEFENSE,  WERE  PRESENT. 

I WELCOMED  THESE  OPPORTUNITIES.  WOMEN  HAVE  A HIGH  STAKE 
IN  OUR  NATION'S  DEFENSE.  THEY  GIVE  THEIR  HUS  BAUDS  AND  SONS 
IN  TIME  OF  WAR.  AND  SHARE  THE  BURDEN  OF  PAYING  FOR  DEFENSE 
IN  TIME  OF  PEACE.  THEY  PROFOUNDLY  AFFECT  THE  COLLECTIVE 
THOUGHT  OF  DEMOCRACY.  WE  HAVE  A MOST  IMPORTANT  MESSAGE 
FOR  THEM  AND  FOR  ALL  WHO  ARE  SERIOUSLY  INTERESTED  IN 
REDUCING  THE  DANGERS  OF  WAR.  TOO  OFTEN  OUR  COMMUNICATION 
IS  LOST  BECAUSE  WE  ASSUME  THAT  WHAT  IS  OBVIOUS  TO  US  MUST 
BE  OVBIOUS  TO  ALL.  NUMBERS  AND  STATISTICS  DON'T  CAP.RY  THE 
MESSAGE.  I W THE  AGE  OF  MEGATONS,  DEFENSE  STATISTICS  LOSE 
THEIR  MFANING  FOR  MOST  AMERICANS  NOT  DIRECTLY  CONNECTED 
WITH  THE  BUSINESS  OF  DEFENSE. 

IN  TRYING  TO  COMMUNICATE  THE  IMPORTANCE  OF  DEFENSE 
TO  THE  A\  RAGE  AMERICAN,  I FIND  THE  MOST  EFFECTIVE  APPROACH 
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I 

IS  TO  REVIEW  HOW  WE  GOT  INTO  OUR  WARS;  WHAT  THEY  COST  US; 

AND  THEN  RELATE  THIS  TO  POSSIBLE  WAYS  TO  STAY  OUT  OF  THE 
NEXT  ONE.  THERE  ARE  MANY  COMPELLING  EXAMPLES  STILL  FRESH 
IN  THE  MINDS  OF  MANY  AMERICANS.  THE  CONSEQUENCES  OF  FAILURE 
MUST  BE  TOLD  IN  TERMS  THAT  THE  NON-DEFENSE  CIVILIAN  WILL 
FIND  RELEVANT.  MY  EFFORTS  TO  DO  THIS  MAY  BE  OF  INTEREST  ! 

TO  YOU. 

i 

THERE  ARE  SEVERAL  PRINCIPLE  INGREDIENTS  WHICH  GO  j 

t 

TOGETHER  TO  MAKE  AN  EFFECTIVE  DEFENSE  ESTABLISHMENT.  1 

I 

THE  REQUIREMENT  FOR  TECHNICAL  EXCELLENCE  NEEDS  LITTLE 
EXPLANATION.  HOWEVER,  ANOTHER  INGREDIENT  THAT  SUPER- 
CEDES TECHNICAL  EXCELLENCE  IS  MONEY,  AND  THIS  IS  A MATTER  1 

FOR  CONSTANT  DISCUSSION.  \ ITHOUT  IT  WE  CAN'T  DO  NECESSARY 
RESEARCH  AND  DEVELOPMENT:  PUT  WEAPONS  INTO  PRODUCTION; 

OR  TRAIN  THE  PEOPLE  NECESSARY  TO  MANAGE  AND  SUPPORT  OUR. 
COMPLEX  DEFENSE  ESTABLISHMENT.  DEFENSE  SPENDING  IS  NEVER 
POPULAR  UNTIL  THE  NEED  BECOMES  A REALITY. 

WE  ARE  LIVING  IN  AN  ERA  OF  POLITICAL  CONFUSION  AND 
FINANCIAL  UNCERTAINTY.  THERE  WILL  BE  EFFORTS  TO  REDUCE 
MILITARY  SPENDING  IN  FAVOR  OF  MAINTAINING  SOCIAL  EXPENDI- 
TURES WHICH  NOW  EXCEED  THOSE  FOR  DEFENSE  IN  OUR  NATIONAL 
BUDGET.  AS  RUSSIA  INCREASES  HER  MILITARY  EXPENDITURES  WE 
MUST  REMIND  OURSELVES  THAT  HISTORY  HOLDS  FRIGHTENING 
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LESSONS  'JF  WHAT  HAPPENS  WHEN  FREE  MEN  REDUCE  THEIR 
SPENDING  FOR  ARMS  WHILE  A DICTATOR  IS  INCREASING  HIS. 

NO  ONE  CAN  ARGUE  AGAINST  THRI  FT  IN  OUR  NATIONAL 
ACCOUNTS.  IT  HAS  NEVER  BEEN  NEEDED  MORE  THAN  IT  IS  NEEDED 
TODAY.  IN  ORDERING  PRIORITIES  HOWEVER,  THIS  NATION  SHOULD 
UNDERSTAND  THAT  OUR  PROSPERITY  DEPENDS  ON  BEING  ABLE  TO 
DEFEND  IT  IN  A WORLD  WHERE  ARMS  ARE  STILL  THE  FINAL  ARBITER 
IN  NATIONAL  DISPUTES. 

ADPA  HAS  BEEN  IN  BUSINESS  FOR  MORE  THAN  50  YEARS 
AND  HISTORY  HAS  GIVEN  US  REASON  TO  BELIEVE  THAT  MILITARY 
AND  INDUSTRIAL  PREPAREDNESS  IS  AMERICA'S  SUREST  GUARANTEE 
FOR  LASTING  PEACE.  THERE  ARE  MANY  HOWEVER  WHO  SAY  THAT 
PREPAREDNESS  INCREASES  TENSIONS  AND  LEADS  TO  WARS.  THIS 
FINDS  EMOTIONAL  POPULARITY  IN  A NATION  SICK  OF  CONFLICT 
AND  TIRED  OF  THE  BURDEN  OF  TAXES  TO  SUPPORT  A MILITARY 
ESTABLISHMENT.  IN  A RECENT  BOOK.  SUPREME  COURT  JUSTICE 
WILLIAM  O.  DOUGLAS  STATED,  "WE  KNOW  THAT  PREPAREDNESS 
AND  THE  ARMAMENT  RACE  INEVITABLY  LEAD  TO  WAR.  THUS  IT 
EVER  HAS  BEEN  AND  EVER  WILL  BE.  ARMAMENTS  ARE  NO  MORE 
A DETERRENT  TO  WAR  THAN  THE  DEATH  SENTENCE  IS  w MURDER". 

I DON'T  KNOW  HOW  THE  JUSTICE  ARRIVES  AT  HIS  CONCLU- 
SION. HISTORY  CERTAINLY  REFUTES  HIS  POINT  OF  VIEW,  AND  WE 
DON'T  HAVE  TO  GO  VERY  FAR  BACK  IN  OUR  HISTORICAL  REFERENCES 
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TO  REACH  THE  OPPOSITE  CONCLUSION THAT  UNITED  STATES 


DISARMAMENT  HAS  BEEN  A SUBSTANTIAL  CONTRIBUTING  FACTOR 
TO  WARS  IN  OUR  TIME.  A LONGING  FOR  PEACE  WHICH  DOES  NOT 
TAKE  INTO  ACCOUNT  THE  FACTS  OF  LIFE  CAN  CAUSE  MUCH  HUMAN 
SUFFERING, FOR  IT  INVIT  ES  AGGRESSION. 

PRIOR  TO  WORLD  WAF.  I,  WOODROW  WILSON  WAS  ELECTED 
PRESIDENT  ON  A PLATFORM  WHICH  HELD  THE  PROMISE  OF  KEEPING 
OUR  COUNTRY  OUT  OF  A WAR  WHICH  WAS  RAGING  IN  EUROPE. 

WILSON  WAS  A LIBERAL  AND  ENLIGHTENED  PRESIDENT,  BUT  UNDER 
HIS  LEADERSHIP  THE  UNITED  STATES  DID  NOT  POSSESS  EVEN  ONE 
FULL-STRENGTH  DIVISION.  WE  HAD  NO  AIR  FORCE,  AND  OUR 
ARTILLERY  COULD  NOT  MATCH  THE  EXCELLENCE  OF  GERMAN 
WEAPONS. 

HOWEVER,  WHEN  DIPLOMACY  FAILED,  THIS  DID  NOT  PREVENT 

OUR  PRESIDENT  FROM  SENDING  THE  YOUTH  OF  THIS  NATION 

INADEQUATELY  PREPARED  AND  INADEQUATELY  LED TO  FIGHT 

IN  A WAR  FROM  WHICH  THOUSANDS  DID  NOT  RETURN. 

THEN  CAME  WORLD  WAR  II.  ALTHOUGH  A BIT  TOO  YOUNG 
FOR  WORLD  WAR  I,  1 CAN  ATTEST  FIRST  HAND  TO  CUR  LACK  OF 
PREPAREDNESS  FOR  WORLD  WAR  II.  IF  OUR  COUNTRY  HAD  NOT 
BEEN  MANUFACTURING  AND  SELLING  ARMS  TO  COUNTRIES  WHICH 
WERE  LATER  TO  BECOME  OUR  ALLIES,  OUR  LACK  OF  PREPAREDNESS 
WOULD  HAV  ; BEEN  ALMOST  COMPLETE. 
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WHEN  DIPLOMACY  FAILED  AGAIN,  OUR  LACK  OF  PREPARED- 
NESS DID  NOT  DETER  ANOTHER  PRESIDENT WHO  HAD  ALSO 

CAMPAIGNED  ON  A PLATFORM  OF  PEACE FROM  CALLING  ON 

THE  YO’  TH  OF  AMERICA  TC  GO  OVERSEAS  AND  FIGHT. WHO 

CAN  FORGET  PRESIDENT  ROOSEVELT’S  RINGING  DENOUNCEMENT 
OF  WAR  AND  HIS  PROMISE  AGAIN,  AND  AGAIN,  AND  AGAIN,  NOT  TO 
SEND  THE  SONS  OF  AMERICA  OVERSEAS  TO  FIGHT. 

I HAPPENED  TO  BE  ONE  OF  THOSE  WFO  WAS  ALREADY 
THERE  WHEN  IT  STARTED.  NOT  ONLY  DID  I GO  INTO  COMBAT  WITH 
INADEQUATE  WEAPONS.  BUT  I DIDN'T  EVEN  HAVE  A DOCTOR  TO 
MINISTER  TO  MY  TROOPS.  THE  FIRST  TIME  I WAS  SHOT  DOWN,  I HAD 
TO  FIND  A MISSIONARY  TO  SEW  ME  UP.  I SPENT  THE  FIRST  WINTER 
OF  THE  WAR  ---  WITHOUT  ONE  WOOL  UNIFORM  FOR  ANY  OF  MY 
TROOPS.  WE  POSSESSED  THIRTEEN  SWEATERS  AMONG  APPROXIMATELY 
70  AMERICANS  WHO  WERE  WITH  MY  ADVANCE  UNIT,  AND  I'M  NOT 
EXAGGERATING  WHEN  I SAY  WE  TOOK  TURNS  WEARING  THEM. 

WORLD  WAR  II  WENT  BADLY  FOR  US  FOR  A WHILE,  BUT 
THEN  THE  INDUSTRIAL  MIGHT  OF  OUR  COUNTRY  BEGAN  TO  TURN 

OUT  THE  SINEWS  OF  WAR AND  WE  WON!  BUT  NOT  BEFORE  MANY 

YOUNG  AMERICANS  HAD  PAID  FOR  OUR  UNPREPARED1ESS  WIT  H THEIR 
LIVES. 

WHERE  WAS  THE  ARMS  RACE  BEFORE  WORLD  WAR  I,  OR 
BEFORE  WORLD  WAR  II?  WE  WEREN'T  EVEN  ON  THE  TRACK.  FRANCE 


HAD  BUILT  A MAGINOT  LINE  DEEP  IN  THE  GROUND  TO  DEFEND 
ITSELF,  BUT  NEITHER  BRITAIN  NOR  FRANCE  WERE  PREPARED  TO 
MEET  A GERMANY  THAT  WAS  ARMED  TO  THE  TEETH.  THE  RECORDS 
SHOW  THAT  15  MILLION  MILITARY  MEN  WERE  KILLED  XN  WORLD 
WAR  II,  AND  SEVERAL  TIMES  THAT  NUMBER  OF  CIVILIANS  LOST 
THEIR  LIVES  IN  THAT  TERRIBLE  CONFLICT. 

IF  AMERICA  HAD  BEEN  IN  A STATE  OF  READINESS  THERE 
IS  THE  POSSIBILITY  THAT  WORLD  WAR  II  MAY  NEVER  HAVE  BEEN 
FOUGHT.  THERE  IS  CERTAINLY  NO  QUESTION  THAT  IF  WE  HAD 
HAD  THE  ARMS  AND  LEADERSHIP  AT  THE  BEGINNING  OF  THAT 

WAR THAT  WE  POSSESSED  ONLY  TWO  YEARS  LATER 

WE  WOULD  HAVE  ENDED  IT  IN  HALF  THE  TIME  WITH  A SAVING  OF 
BILLIONS  IN  NATIONAL  TREASURE  INSTEAD  WE  PAID  AN  EXHORB- 
ITANT  PRICE  TO  CREATE  AN  ARMY  IN  THE  SHORTEST  POSSIBLE 
TMK.  AND  THOUSANDS  OF  AMERICANS  AND  OUR  ALLIES  LOST 
THEIR  LIVES  WHILE  THEY  HELD  THE  LINE  WAITING  FOR  ARMS 
NECESSARY  TO  FIGHT  AN  ENEMY  WHO  WAS  PREPARED  AND  WHO 
THOUGHT  HE  COULD  WIN  BEFORE  VHE  FREE  WORLD  COULD 
ORGANIZE  AN  OPPOSITION. 

AFTER  THE  WAR  I BECAME  ACQUAINTED  WITH  THE  SWEDISH 
INDUSTRIALIST , AXEL  WENNERGREN.  HE  WAS  WELL  ACQUAINTED 
WITH  THE  TOP  NAZIS  BECAUSE  HE  HAD  EXTENSIVE  BUSINESS 
INTERESTS  IN  GERMANY  PRIOR  TO  WORLD  WAR  II  AND  WAS 
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HE  TOLD  ME  THAT  DURING  THE  GERMAN  B UILD  UP.  HE  HAD  ADVISED 
HERMANN  GOERING  NOT  TO  INITIATE  A WAR  AS  THE  UNITED  STATES 
WOULD  EVENTUALLY  COME  IN  AND  OUR  INDUSTRIAL  MIGHT  WOULD 
PRODUCE  THE  ARMS  WHICH  WOULD  RESULT  IN  GERMANY'S  DEFEAT, 
DR.  WENNERGREN  SAID  THAT  GOERING  LAUGHED  AND  CALLOUSLY 
STATED  THAT  - "GERMANY  WOULD  HAVE  THE  WAR  OVER  AND  DONE 
WITH  BEFORE  THE  WHEELS  OF  AMERICAN  INDUSTRY  COULD  BEGIN 
TO  TURN.  " 

AFTER  WORLD  WAR  II,  OUR  COUNTRY  DISBANDED  THE 
GREATEST  ARMED  FORCE  THE  WORLD  HAD  EVER  SEEN.  WITH 
THE  EXCEPTION  OF  A LIMITED  NUMBER  OF  NUCLEAR  WEAPONS, 

WE  DISARMED  OUR  NATION  AND  THE  TIDES  OF  HISTORY  CARRIED 

US  ALONG  FOR  6 YEARS  BEFORE  DIPLOM  ^CY  FAILED  AGAIN 

AND  AGAIN,  A PRESIDENT  OF  THE  UNITED  STATES  SENT  AMERICANS 
ABROAD  TO  FIGHT.  THOUSANDS  OF  OUR  YOUNG  MEN  DIED  !'• I KOREA 
BEFORE  WE  COULD  BRING  ENOUGH  MILITARY  PRESSURE  'O  BEAR 
TO  FORCE  THE  ENEMY  TO  THE  CONFERENCE  TABLE. 

PRIOR  TO  THE  KOREAN  WAR,  WE  REDUCED  OUR  DEFENSE 
BUDGET  TO  LESS  THAN  14  BILLION  DOLLARS,  AND  THE  SECRETARY 
OF  DEFENSE  STATED  THAT  WE  WOULD  REDUCE  IT  EVEN  FURTHER. 
WITHIN  A MATTER  OF  MONTHS,  WE  WERE  AT  WAR  AGAIN.  WE  HAD 
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NO  TACTICAL  AIR  COMMAND,  AND  OUR  ARMY  WAS  EQUIPPED  WITH 
WORLD  WAR  II  WEAPONS  WHICH  WERE  NO  MATCH  FOR  EVEN  THE 
NORTH  KOREANS  WHO  HAD  BEEN  EQUIPPED  BY  THE  RUSSIANS  WITH 
MODERN  WEAPONS  OF  WAR. 

ONCE  AGAIN  OUR  ARMS  FACTORIES  WERE  GEARED  FOR 
PRODUCTION,  BUT  WEAPONS  DID  NOT  REACH  OUR  MFN  IN  THE 
FIELD  UNTIL  MANY  LIVES  HAD  BEEN  SACRIFICED  ON  THE  ALTAR 
OF  AMERICAN  UIFREPAKEDNES5. 

AFTER  KOREA,  OUR  NATION  CREATED  A POWERFUL 
NUCLEAR  FORCE,  AND  OUR  FOREIGN  POLICY  WAS  BUILT  ON  A 
FOUNDATION  OF  MASSIVE  NUCLEAR  DETERRENCE  AGAINST  ANY 
AGGRESSOR.  THERE  IS  NO  DOUBT  THAT  THIS  NUCLEAR  POWER 
HAS  BEEN  A DETERRENT  TO  MAJOR  EXCURSIONS  BY  THE  COMMUNIST 
WORLD  AGAINST  FREE  NATIONS  AND  HAS  PROTECTED  US  AND  OUR 
ALLIES  FROM  NUCLEAR  BLACKMAIL.  IN  THE  FACE  OF  THIS  POWER, 
THE  COMMUNISTS  HAVE  BEEN  UNABLE  TO  LAUNCH  FRONTAL  ATTACKS 
ON  THE  FREE  WORLD,  SO  THEY  HAVE  DEVELOPED  WHAT  THEY 
CHOOSE  TO  CALL  "WARS  OF  NATIONAL  LIBERATION".  DIPLOMAT- 
ICALLY, WE  DON'T  SEEM  TO  KNOW  HOW  TO  COPE  WITH  THIS 
COMMUNIST  TACTIC,  EXCEPT  TO  SEND  THOUSANDS  OF  YOUNG 
AMERICANS  OVERSEAS  TO  FIGHT. 

ALTHOUGH  OUR  COUNTRY  IN  1964  POSSESSED  MORE  MILITARY 
MIGHT  THAN  EVER  BEFORE  IN  OUR  HISTORY,  WE  WERE  NOT  PREPARED 
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TO  USE  IT  NOR  TO  FIGHT  THE  KIND  OF  WAR  THAT  OUR  TROOPS  WERE 
DIRECTED  TO  WAGE  IN  THE  JUNGLES  AND  SWAMPS  OF  VIETNAM. 

THE  PRICE  OF  VIETNAM  WAS  HIGH.  WE  DID  IT  THE  HARD 
WAY.  WE  NOT  ONLY  SPENT  OUR  MONEY  AND  SACRIFICED  OUR  SONS 
BUT  WE  DIVIDED  OUR  COUNTRY  AS  IT  HAS  NEVER  BEEN  DIVIDED 
BEFORE. 

* * * * 

THIS  HAS  BEEN  AN  OVER-SIMPLIFIED  COMMENTARY.  HOWEVER 
IT  BRINGS  ME  TO  THE  FOLLOWING  OBSERVATIONS; 

WARS  ARE  NOT  CAUSED  BY  ARMS  RACES.  WARS  ARE  CAUSED 
BY  PEOPLE  WHO  WANT  WHAT  THEIR  NEIGHBOR  HAS  AND  FEEL  THAT 
THEY  CAN  TAKE  IT  FROM  HIM  BECAUSE  HE  IS  EITHER  UNPREPARED 
OR  UNWILLING  TO  DEFEND  HIMSELF.  IF  THIS  IS  TRUE,  THEN  A 
FAILURE  TO  JOIN  THE  ARMS  RACE  BECOMES  A PRIMARY  CAUSE  OF 
WAR.  DISARMAMENT  HAS  NEVER  KEPT  THE  UNITED  STATES  OUT  OF 
WAR.  AND  THE  PRICE  OF  UNPREPAREDNESS  IS  HIGH  WHETHER 
MEASURED  IN  DOLLARS  OR  THE  LIVES  OF  OUR  CHILDREN. 

FOY  KOHLER.  OUR  RETIRED  AMBASSADOR  TO  RUSSIA  WHO 
IS  BOTH  A DIPLOMAT  AND  A SCHOLAR  MAY  HAVE  GIVEN  ttS  A CLUE 
AS  TO  WHY  THIS  COUNTRY  CONTINUES  TO  GET  INTO  WARS.  HE 
SAID  RECENTLY,  "A  DIPLOMAT  IS  NO  BETTER  THAN  THE  POWER 
BEHIND  HIM. " AFTER  EACH  OF  OUR  WARS  THIS  NATION  HAS  DIS- 
BANDED A MIGHTY  MILITARY  FORCE.  COULD  IT  BE  THAT  WE 
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deliberately  strip  our  diplomacy  of  its  power  and  doom 
rr  to  failure?  if  so,  neglecting  our  arms  now  while  Russia 

IS  EXPAND’NG  ITS  MILITARY  STRENGTH  IS  A GRAVE  MISCALCULATION. 

PEACE  AT  ANY  PRICE  IS  A DANGEROUS  COMMODITY.  WE 
SHOULD  HAVE  LEARNED  THIS  FROM  THE  AGGRESSIONS  OF  HITLER, 
MUSSOLINI  AND  THE  MILITARY  DICTATORS  OF  JAPAN.  HOWEVER, 

THE  NEW  DICTATORSHIPS,  MASQUERADING  UNDER  THE  BANNER 
OF  "PEOPLE'S  DEMOCRACY"  HAVE  US  CONFUSED.  PERHAPS  IT'S 

NOT  WHAT  WE  DON'T  UNDERSTAND PERHAPS  WE  ARE  JUST 

HOPING  THAT  THIS  NEW  NIGHTMARE  WILL  GO  AWAY.  HOWEVER 
WE  SHOULD  REMEMBER  THAT  IT  WAS  THE  DEMOCRATIC  REPUBLIC 
OF  NORTH  KOREA  THAT  ATTACKED  THE  SOUTH  KOREANS  WITH 
RUSSIAN  ARMS.  IT  IS  THE  DEMOCRATIC  REPUBLIC  OF  NORTH 
VIE  NAM  WHICH  IS  STILL  ATTACKING  SOUTH  VIETNAM  WITH  ARMS 
MADE  IN  THE  COMMUNIST  WORLD,  AND  EGYPT  AND  SYRIA  HAVE 
BEEN  DEDICATED  TO  THE  ELIMINATION  OF  ISRAEL  WITH  ARMS 
MADE  IN  THE  SOVIET  UNION. 

GENERALS  WIN  OUR  WARS  AND  STATESMEN  LOSE  THE 
PEACE.  THIS  OVER-SIMPLIFICATION  CAN  LEAD  TO  THE  CONCLUSION 
THAT  GENERALS  ARE  SMARTER  THAN  DIPLOMATS.  THE  TRUTH  IS 
THAT  THE  ART  OF  STATESMANSHIP  IS  MUCH  MORE  DIFFICULT  THAN 
WINNING  BATTLES.  IT  TAKES  TWO  TO  MAKE  PEACE,  BUT  ONLY  ONE 
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TO  MAKE  WAR.  WHEN  DICTATORS  ADOPT  AN  EXPANSIONIST  POLICY 


i 


{ 


BACKED  BY  THE  FORCE  OF  ARMS,  SOMEBODY  GETS  CAUGHT  WHETHER 
THEY  LIKE  IT  OR  NOT.  GENERALS  AND  ARMIES  ARE  THE  TOOLS  OF 
STATESMEN.  DECIDING  WHEN  TO  USE  THEM  IS  A HEAVY  RESPON- 
SIBILITY. 

OUR  NATION  BELIEVES  FERVENTLY  IN  A STABLE  AND 
PEACEFUL  WORLD,  BUT  WE  AREN'T  ABLE  TO  AVOID  THE  WORLD'S 
WARLIKE  ACTIVITIES.  I HAVE  INTELLECTUAL  FRIENDS  WHO 
BELIEVE  WE  CAN  KEEP  OUT  OF  TROUBLE  IF  ONLY  WE  WILL  STAY 
OUT  OF  OTHER  PEOPLES  QUARRELS.  THERE  ARE  THOSE  OPPOSED 
TO  FIGHTING  AS  A MATTER  OF  PRINCIPLE.  THESE  ATTITUDES 
IGNORE  THE  REALITY  OF  THE  WORLD  WE  LIVE  IN.  IN  SPITE  OF 
THE  RHETORIC  THERE  IS  A POINT  IN  MAN'S  AFFAIRS  WHEN  HE  WILL 
FIGHT. 

PRIOR  TO  WORLD  WAR  II  THE  OXFORD  UNION  PASSED  A 
RESOLUTION  NOT  TO  FIGHT  FOR  KING  AND  COUNTRY.  HOWEVER 
WHEN  THE  WORLD  GAVE  THEM  A HITLER  TO  HATE,  THFY  FOUGHT 
AND  DIED  JUST  LIKE  LESSER  MEN. 

THE  PRESIDENT  AND  SECRETARY  OF  DEFENSE  IN  POSTURE 
STATEMENTS  TO  CONGRESS,  HAVE  POINTED  OUT  THAT  THE  SOVIET 
UNION  IS  RAPIDLY  EXPANDING  ITS  MILITARY  FORCES.  THEY  NOT 
ONLY  HAVE  PASSED  US  IN  THE  NUMBERS  OF  INTERCONTINENTAL 
MISSILES,  SUBMARINES  AND  SHIPS  WHICH  THEY  POSSESS,  BUT  THEY 
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are  rapidly  improving  the  advantage  which  they  now  hold, 
they  are  spending  more  of  their  gross  national  product 
on  arms  than  we  are,  and  they  are  investing  more  in  the 
development  of  future  weapot  than  we  are. 

AFTER  WORLD  WAR  II,  GENERAL  GEORGE  C.  KENNEY  WAS 
THE  SENIOR  UNITED  STATES  MILITARY  REPRESENTATIVE  AT  THE 
UNITED  NATIONS.  GENERAL  KENNEY  IS  A GREGARIOUS  AND  INTELL- 
IGENT MAN  AND  ALWAYS  MADE  IT  A POINT  TO  KNOW  HIS  PEERS. 

HE  TOLD  ME  THAT  IN  THE  COURSE  OF  HIS  OFFICIAL  DUTIES  AND 
SOCIAL  CONTACTS  AT  THE  UNITED  NATIONS,  HE  GOT  TO  KNOW  THE 
SENIOR  RUSSIAN  MILITARY  OFFICER  QUITE  WELL.  ONCE  OVER 
COCKTAILS  AND  DURING  A MOMENT  OF  INFORMALITY,  HIS  RUSSIAN 
COUNTERPART  REMINDED  HIM  THAT  ALTHOUGH  THE  UNITED  STATES 
POSSESSED  THE  ATOM  BOMB,  WE  DIDN'T  KNOW  HOW  TO  USE  IT.  HE 
STATED  THAT  THE  TIME  WOULD  COME  WHEN  RUSSIA  WOULD  ALSO 
POSSESS  SUCH  WEAPONS,  AND  SAID,  "REMEMBER  GENERAL  KENNEY, 
WE  WILL  KNOW  HOW  TO  USE  THEM". 

WE  ARE  NOW  APPROACHING  THE  TIME  WHEN  RUSSLA.  NOT 
ONLY  HAS  MORE  NUCLEAR  WEAPONS,  BUT  BIGGER  ONES  THAN  WE 
DO.  IT  REMAINS  TO  BE  SEEN  WHAT  THE  RUSSIANS  INTEND  TO  DO 
WITH  ALL  OF  THIS  NUCLEAR  MIGHT.  SUPPORTED  BY  RUSSIAN  ARMS 
THE  ACTIONS  OF  BELLIGERENTS  IN  THE  MIDDLE  EAST,  SOUTHEAST 
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ASIA  AND  KOREA  HOLD  LITTLE  ENCOURAGEMENT.  THE  RUSSIANS 
HAVE  NOW  ENTERED  THE  INDIAN  OCEAN,  AND  INDIA  ONCE  ALLIED 
WITH  THE  WEST,  IS  NOW  EQUIPPED  WITH  RUSSIAN  WEAPONS  PLUS 
A NUCLEAR  CAPABILITY. 

IN  A SANE  AND  RESPONSIBLE  WORLD,  NUCLEAR  ARMAMENT 
IS  AS  UNBELIEVABLE  AS  THE  RANTING,  RAVING  AND  BOASTING  OF 
ADOLPH  HITLER  PRIOR  TO  WORLD  WAR  H.  BUT  HITLER  WAS  REAL, 

AND  SO  IS  THE  NUCLEAR  ARMS  RACE  ---  HISTORY  TELLS  US  WE 
HAD  BETTER  WIN  IT. 

I HAVE  TWO  SONS  AND  THE  LAST  THING  IN  THE  WORLD  THAT 

I WANT  TO  SEE  FOR  THEM  IS  A WAR, NUCLEAR  OR  OTHERWISE, 

IN  WHICH  THEY  WILL  HAVE  TO  PARTICIPATE.  I WISH  THAT  THOSE  WHO 
CRY  LOUDLY  FOR  PEACE,  COULD  ASSURE  US  THAT  NO  AMERICAN 
PRESIDENT  WILL  EVER  AGAIN  CALL  ON  OUR  YOUNG  MEN  TO  GO 
OVERSEAS  AND  FIGHT.  UNTIL  THIS  IS  DONE  HOWEVER,  WE  CAN'T 
TAKE  THE  CHANCE  THAT  THE  YOUTH  OF  THIS  GENERATION  WILL  BE 
ASKED  TO  MARCH  INTO  BATTLE  INADEQUATELY  ARMED  AND  LED  BY 
AMATEURS.  THE  STAKES  ARE  NOT  ONLY  THEIR  LIVES BUT, 


OUR  SURVIVAL. 
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THE  NATO  DRESTC  TRIAL  SERIES 


Bryan  G.  Laidlaw 

Defence  Research  Establishment  Suf field 
Ralston , Alberta,  Canada 


INTRODUCTION 


The  topic  of  this  session  Is  the  NATO  DRESTC  Test  Series  results.  This 
series  of  four  trials,  a one-ton  calibration  shot  and  three  fifty-five  ton 
shots,  was  carried  out  this  past  summer  at  the  Defence  Research  Establishment 
Suf field.  The  code  name  DRESTC,  is  a contraction  of  the  titles  Defence 
Research  Establishment  Suffield  (DRES)  and  the  Explosive  Storage  and  Trans- 
portation Committee  (ESTC)  of  Great  Britain. 

DRES  is  a Department  of  National  Defence  Research  Establishment  with 
facilities  consisting  of  a central  laboratory  and  several  smaller  laboratories 
having  a total  floor  area  of  120,000  square  feet  and  a field  test  range  of 
220  square  miles.  DRES  is  located  150  miles  south-east  of  Calgary,  Alberta, 
Canada  (Fig.  1).  As  you  can  see,  our  test  area  is  part  of  the  1000  square 
miles  of  barren,  semi -arid  prairie  known  as  the  Suffield  Military  Reserve. 

The  purpose  of  DRES  is  to  conduct  applied  research  in  a number  of  fields  of 
defence  interest.  Under  the  auspices  of  the  military  engineering  program,  a 
number  of  free-field  shock  and  blast  trials  which  ranged  in  charge  size  from 
8 lbs  to  500  tons  have  been  carried  out  at  DRES  since  1956.  In  a related  area, 
research  assistance  has  been  given  to  the  Department  of  Energy,  Mines  and 
Resources,  Explosives  Division  to  evaluate  the  Hazards  of  slurry  explosives 
when  destroyed  by  fire  in  a simulated  transportation  accident  environment. 

Through  the  Department's  affiliation  with  NATO  Group  AC/258,  which  is 
a group  of  experts  dealing  with  the  Safety  Aspects  of  Transportation  and 
Storage  of  Military  Ammunition  and  Explosives,  a proposal  evolved  that  a trial 
series  would  be  sponsored  and  conducted  by  the  United  Kingdom  and  Canada  with 
DRES,  due  to  its  background  and  facilities,  chosen  as  the  trial  site.  The 
office  of  the  Director  General  of  Ammunition  at  National  Defence  Headquarters, 
Ottawa,  Canada,  co-ordinated  the  Canadian  and  United  States  participation. 

The  overall  objective  of  this  series  was  to  obtain  scientific  data  that 
would  allow  a reduction  in  the  storage  separaticn  distance  requirements  for 
NATO  Hazard  Class  5 explosive  magazine  storage,  which  had  been  indicated  as 
possible  in  earlier  results  of  smaller  scale  tests  carried  out  by  the  British. 

The  current  NATO  inside  quantity  distances,  that  is,  separation  between 
stacks  of  explosive  or  between  magazines  containing  explosives,  are  based  upon 
the  results  of  ESTC  trials  carried  out  just  after  World  War  II  in  Germany. 

PROCEDURE 


The  four  ground  zeros  were  within  2000  feet  of  each  other  (Fig.  2).  The 
basic  soil  characteristics,  namely  soil  composed  of  soft  silts  and  fine  sands, 
were  the  same  for  all  trials. 
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DRESTC  1 was  a one-ton  calibration  trial  for  the  series  and  provided 
Information  and  data  so  that  the  planning  for  the  larger  trials  could  be 
finalized. 

On  DRESTC  2,  3 and  4,  the  donor  charge  had  an  earthwork  barricade  on 
three  sides.  (Slide  1)  The  double-sloped  traverses,  with  regard  to  key 
dimensions,  were  constructed  in  compliance  with  NATO  specifications.  It 
should  be  noted  that  the  particular  closeness  of  the  traverse  to  the  donor 
charge  for  DRESTC  2 was  by  design.  There  is  an  approximate  3 foot  space 
between  the  toe  of  the  traverse  and  the  stack.  (Slide  2)  DRESTC  3 and  4 
had  a 25  foot  spacing  between  the  charge  and  the  toe  of  the  traverse.  The 
traverses  were  constructed  in  November  1973  to  allow  them  to  settle.  The 
only  compaction  they  received  was  from  the  machinery  used  in  the  building. 
After  settling,  the  traverses  still  obeyed  the  "two  degree  rule"  necessary 
to  contain  high  velocity  projectiles  originating  in  the  donor. 

DRESTC  2 and  3 donor  charges  were  constructed  using  wooden-cased 
palletized  UK  tetrytol  demolition  slabs  which  had  been  in  storage  in  West 
Germany.  An  interesting  discovery  was  made  when  we  looked  into  a sampling  of 
these  cases  in  order  to  determine  the  composition  of  the  donor  stack:  the 

1 lb  demolition  charges  weighed  only  0.84  lb.  As  a result,  additional  pallets 
of  tetrytol  slabs  were  added  to  the  charge  to  bring  the  weight  up  to  fifty-five 
tons,  which  is  50  metric  tons.  As  the  Canadian  inventory  contained  no 
demolition  charges  stored  in  wooden  boxes,  DRESTC  4 trial  used  11.25  tons  of 
metal  clad  TNT  demolition  charges- to  realize  the  fifty-five  ton  donor  charge 
requirement. 

OBJECTIVES 


The  main  areas  of  interest  on  this  trial  are:  (Fig.  3) 

1.  Blast  Physics  Program 

2.  Crater  Studies 

3.  UK  Acceptors 

4.  UK  Caravans  (holiday  trailers) 

5.  UK  Reinforced  Concrete  Structure 

6.  Slurry  Explosive  Acceptors 

7.  US  Window  Test  Modules. 

The  objectives  of  the  blast  physics  program  were: 

1.  To  determine  the  detonation  wave  velocity  through  the  charge  using 
ionization  probes. 

2.  To  document  the  free-field  air  blast  environment  to  which  the  various 
targets  were  subjected  using  high-speed  cameras,  air  blast  time-of-arrival 
detectors  and  pressure-time  gauges. 

3.  To  estimate  the  fireball  size  using  ion  probes,  and  high-speed  cameras. 
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RESULTS 


Up  to  21  Ionization  probes  were  placed  throughout  each  charge  to  record 
the  rate  of  detonation.  These  probes  werv  placed  through  the  centre  of  the 
charge*  along  the  front  edge  of  the  charge  and  diagonally  to  one  corner.  All 
measurements  started  at  the  point  of  Initiation  which  was  in  the  middle  of 
each  layer  on  the  cpen  side  of  the  barricade  (Fig.  4).  The  data  for  the  three 
charges  Illustrate  that  ail  three  had  a similar  detonation  rate,  the  average 
velocity  of  which  was  17,310  ft/sec.  The  detonation  velocity  of  a pure 
tetrytol  explosive  Is  between  22,500  and  23,500  ft. sec. 

An  additional  forty  Ionization  probes  extended  from  the  back  edge  of  the 
charge  out  to  200  feet  from  ground  zero.  These  produced  little  reliable  data. 
(Fig.  5).  You  can  probably  see  why  the  data  were  unreliable  and  spotty.  The 
traverse  causes  the  fireball  to  funnel  upwards  away  from  the  ionization  probes. 
Our  high-speed  camera  coverage  illustrates  nicely  the  effect  of  the  traverse 
on  the  DRESTC  2 and  3 explrslons.  (Fig.  6)  At  zero  + 30  msec,  the  rear  portion 
of  the  fireball  still  had  not  reached  the  ground.  Measurement  of  the  maximum 
fireball  diameter  crave  the,  following  values;  DRESTC  2:  220  to  230  feet; 

DRESTC  3:  270  feet,  and  DRESTC  4:  260  feet. 

Air  Blast  Time  of  Arrival  Detectors  are  probably  the  least  expensive  but 
most  reliable  part  of  oir  instrumentation.  (Fig.  7)  Time  versus  distance 
curves  drawn  from  the  ABF0AD  data  show  Initial  conditions  were  the  same  for 
the  three  charges  but  if  one  extends  the  velocity  curves  back  to  this  point 
(Fig.  7),  one  will  find  that  the  location  of  the  earth  barricade  is  a deciding 
factor  in  airblast  velocities.  DRESTC  2 had  lower  velocities  than  those  In 
DRESTC  3 although  both  charge  weights  were  similar. 

Analysis  of  the  incident  overpressure  data  Indicates  that  the  presence 
and  location  of  the  barricade  (Fig.  8)  also  has  an  effect  on  overpressure. 

These  overpressure  results  are  presented  along  with  an  extrapolated  TNT 
pressure  curve.  DRESTC  2 had  lower  pressures  In  the  high  pressure  region  and 
slightly  higher  pressures  in  the  low  pressure  region  - a phenomenon  that  was 
observed  in  the  earlier  British  small-scale  tests.  DRESTC  3 and  4 had  pressures 
higher  than  the  predicted  curve. 

The  normal  profile  of  the  pressure  gauge  signal  was  not  found  in  the  high 
pressure  region.  Again,  high-speed  cameras  show  the  probable  reason  for  this. 
(Fig.  9)  Instead  of  a plane  wave  approaching  the  structure  in  DRESTC  4,  we 
have  a Mach  Stem  beginning  to  form  at  +40  msec  after  zero.  Thus,  pressure 
gauges  in  this  vicinity  would  see  the  incident  and  reflected  waves. 

From  the  above  results,  it  would  seem  that  current  techniques  for  pre- 
dicting quantitively  the  detonation  wave  and  airshock  in  a real  storage 
situation  using  data  accumulated  from  hemispherical  and  spherical  "idealized" 

TNT  charges  are  seriously  limited.  It  has  also  been  revealed  that  more 
investigations  remain  to  be  done  if  one  is  to  fully  study  a realistic  storage 
situation. 
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Crater  Study 


The  objectives  of  the  crater  studies  were  to: 

1.  determine  the  diameter  and  depth  of  the  apparent  crater; 

2.  define  the  dimensions  of  the  true  crater; 

3.  compare  the  results  with  those  from  hemispherical  and  spherical 
charges  detonated  on  the  ground  su.face. 

(Slide  #4)  DRESTC  2 had  an  almost  circular  crater  with  smoothly  sloping 
sides,  an  apparent  diameter  of  113  feet  and  a depth  to  the  deepest  point  of 
21.2  feet.  A mound,  9 feet  wide  and  4 feet  high,  formed  in  the  centre  of  the 
crater.  The  earth  traverse,  with  the  exception  of  the  corners  was  destroyed 
completely  (Slide  #5).  In  DRESTC  3,  the  crater  was  similar  to  2,  but  it  had 
gentler  slopes  and  the  centre  mound  was  wider;  15  feet,  but  not  as  high  - 
2 feet.  This  crater  penetrated  the  water  table.  The  apparent  crater  diameter 
was  143  feet  while  the  deepest  point  was  21.8  feet.  The  remainder  of  the 
traverse  was  clearly  visible  on  two  sides. 

(Slide  #6)  DRESTC  4 had  a strikingly  different  crater  than  DRESTC  2 and  3. 
There  was  no  central  mound,  the  sides  were  extremely  steep  and  the  apparent 
crater  diameter  much  less.  This  diameter  was  89  feet  while  the  depth  was 
23.4  feet  to  the  deepest  point.  The  traverse  was  basically  intact. 

Upon  comparing  results  with  predictions  based  upon  the  NATO  formula, 
that  is,  the  radius  in  metres  is  equal  to  1/2  times  cube  root  of  the  net 
weight  in  kg,  it  was  found  that  this  formula  seems  to  be  sufficiently  accurate 
to  give  a working  estimate  of  the  apparent  crater  radius. 

The  UK  Acceptors 

The  main  purpose  of  these  trials  was  to  expose  simulated  storage  piles 
of  NATO  Hazard  Class  5 explosives  and  a widely-used  commercial  explosive, 
also  classed  as  class  5,  Forcite  75,  which  is  a nitroglycerine  based  mass 
detonating  explosive,  o varying  blast  parameters  in  order  to  determine  a 
storage  spacing  factor  of  safety  to  prevent  sympathetic  detonation. 

Up  to  15  acceptor  stacks  composed  of  either  wooden  and  metal  cased 
tetrytol  demolition  slabs  or  cardboard  boxes  containing  Forcite  75,  were 
placed  at  95  feet,  144  feet,  289  feet^nd  443  feet  from  the  face  of  the  donor 
(Fig.  10).  These  are  2,  3,  6 and  9 w3.  The  layout  for  DRESTC  3 shows  that 
the  acceptors  were  placed  behind  the  earth  barricade  and  in  the  open  sector 
(Slide  #7).  The  acceptors,  including  the  2400  lb  tetrytol  acceptor  shown  in 
the  slide  were  partially  dug  into  the  ground  with  the  spoil  banked  behind 
them  to  restrict  translation. 

(Slide  8 - DRESTC  4 detonation  fireball;  Slide  9 - smoke).  Although  several 
of  the  tetrytol  acceptors  were  severely  damaged  by  shock  stimuli  ranging  from 
incident  pressures  from  ’0  to  300  psi,  none  was  sympathetically  detonated. 
(Slide  10)  Aii  acceptor  at  300  psi  immediately  behind  the  berm  suffered 
little  damage  but  was  buried  by  throw-out  material  in  DRESTC  3.  (Slide  11) 
This  slide  shows  the  acceptor  on  DRESTC  4 which  you  saw  earlier  in  slide  7. 

It  is  now  broken  up  and  the  contents  of  some  cases  scattered.  (Slide  12) 
Another  metal  acceptor  exposed  to  the  same  overpressure  as  the  previous  two 
burned  completely,  I might:  add  it  was  on  the  open  end  of  the  barricade. 
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(Slide  13)  Metal  fragments  such  as  these  Mere  found  In  the  general  area  of 
this  acceptor  which  appear  to  have  penetrated  the  ends  of  the  metal  containers. 
(Slide  14)  Also  the  lids  of  the  containers  were  torn  off  by  the  blast  but, 
unlike  the  wooden  container  which  completely  broke  up  and  scattered  the 
contents  of  the  case,  the  metal  container  remained,  leaving  the  exposed 
tetrytol  slabs  vulnerable  to  hot  projectiles.  DRESTC  4 had  metal  fragments 
caused  by  the  metal  In  the  metal  clad  TNT  demolition  charges  In  the  donor 
charge,  plus  the  metal  pallets.  Sympathetic  detonation  of  all  Forclte  75 
acceptors  exposed  on  DRESTC  3 took  place  some  2 milliseconds  after  the  arrival 
of  the  shock  front.  (Fig.  11)  A camera  running  at  1000  frames  per  second 
recorded  the  sympathetic  detonation  of  a 600  1b  stack  of  Forclte  75  located 
behind  the  traverse  at  95  feet  from  the  face  of  the  donor. 

Acceptors  behind  the  double-sloped  traverses  were  protected  from  high 
velocity  fragments.  Both  tetrytol  and  Forcite  75  are  NATO  Hazard  class  5 
explosives.  The  Forclte  detonated  sympathetically  while  the  tetrytol  was 
shattered  and  burned  but  did  not  detonate.  It  does  not  seem  practical  to 
store  these  together. 1 From  these  trials.  It  appears  the  current  NATO  formula 

of  S.D.  * 2.4Q3  or  6w3,  where  S.D.  Is  In  m and  weight  In  kilograms,  for 
storing  open  stacks  of  NATO  Hazard  class  5 military  explosives  is  unduly 
conservative  for  tetrytol  stored  In  conventional  wooden  or  steel  packages  as 
stacks  tefted  at  these  distances  showed  little  change.  Although  the  explosive 
is  rendered  unserviceable  In  closer  stacks  through  scorching  and  breakage.  It 
would  appear  some  reduction  in  storage  separation  distances  could  be  considered. 

UK  Caravans 


Nine  caravans  (holiday  trailers)  were  exposed  to  free-fleld  blast  waves 
in  both  the  side-on  and  end-on  configurations  In  an  attempt  to  determine  the 
hazards  to  trailers  parked  near  a storage  site  at  the  time  an  accidental 
explosion  occurs.  The  worst  hazard  is  from  flying  glass  fragments.  (Slide  15) 
This  slide  shows  3 caravans  that  were  later  exposed  to  a 0.6  psi  blast  wave. 

The  window  area  in  the  UK  trailers  is  larger  than  that  in  Canadian  trailers 
which  are  of  heavier  construction.  It  was  felt  that  the  fragments  produced 
by  the  windows  shattering  in  the  trailers  at  the  0.8  psi  level  some  1770  feet 
from  GZ  on  DRESTC  2 would  have  injured  the  occupants.  According  to  the 
current  UK  rule,  caravan  sites  must  be  1-1/2  times  as  far  away  as  the  inhabited 
building  sites  must  be,  which,  for  NATO,  is  4020  feet  from  GZ.  This  seems 
unduly  conservative  as,  at  this  distance,  there  is  no  structural  damage  to  the 
caravan  nor  any  danger  of  flying  glass. 

US  Window  Test  Modules 


A similar  type  of  project  was  the  US  window  test  modules.  This  project 
is  an  extension  of  the  window  project  carried  out  by  the  Naval  Weapons  Center, 
China  Lake,  California  on  the  Eskimo  series.  Canadian  standard,  residential 
windows  were  used  to  provide  additional  data  for  the  assessment  of  the  current 
US  Inhabited  Building  Safety  Distances. 
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(Slide  16)  This  is  the  standard  target  which  Is  three  test  moduL'S  bolted 
together.  Painting  of  the  windows  is,  of  course,  to  aid  in  the  post-shot 
identification  of  the  source  of  all  fragments.  This  turned  out  to  be  a 
large  job  (Slide  17)  as  all  the  windows  were  destroyed  and  uroken  into  many 
fragments.  An  evaluation  of  the  data  accumulated  confirms  the  need  for  a 
comprehensive  review  of  the  dangers  from  flying  glass  in  the  context  of 
accidental  explosions.  The  present  Canadian  data  are  not  sufficient  to  predict 
these  dar/jers. 

UK  Reinforced  Concrete  Structure 


A test  section  of  a reinforced  concrete  structure  designed  for  magazine 
storage  was  tested  on  DRESTC  4.  (Fig.  12)  This  is  a plan  view  to  give  you 
an  indication  of  the  size.  It  was  50  feet  long,  18  feet  high  and  12  feet  wide. 
The  roof  slab  was  7 inches  thick.  (Slide  18)  This  slide  shows  the  structure  in 
the  construction  stage  - the  front  timbers  are  nominal  10  in.  x 10  in.  timbers. 
Slide  19  shows  the  completed  structure  and  its  placement  relative  to  DRESTC  4. 

Slide  20  and  21  show  the  damage  to  the  front  face  and  rear  face  respec- 
tively. As  I mentioned  and  we  saw  earlier,  the  pressure  wave  had  a triple 
point  with  the  Mach  Stem  barely  starting  to  form  just  before  it  hit  the 
structure.  This  resulted  in  a lower  loading  than  expected  which  can  be 
directly  attributed  to  the  double-sloped  traverse.  A detailed  study  of  the 
results  and  conclusions  are  now  being  carried  out  by  the  Department  of  the 
Environment,  the  UK  sponsor?  of  the  project. 

Slurry  Explosive  Acceptors 

As  part  of  a continuing  program  of  study  on  slurry  explosives  at  DRES, 
with  particular  emphasis  on  the  effect  of  thermal  shock  and  sympathetic 
detonation,  two  types  of  slurry  were  exposed  to  blast  loading  on  these  trials. 

Slurry  A was  40%  TNT  sensitized  slurry  while  slurry  B had  aluminum  added 
to  it  as  well  as  being  9%  TNT  sensitized.  (Slide  22)  Here  is  a typical  slurry 
acceptor  at  95  feet  from  GZ.  (Slide  23)  Almost  all  slurry  acceptors  were  torn 
apart  and  scattered.  Those  that  did  remain  in  f’lace  had  slurry  extruded  from 
the  confining  plastic  bag.  Some  cardboard  boxes  around  the  slurry  were  charred 
but  no  burning  or  sympathetic  detonation  occurred.  The  worm-like  forms  here 
are  the  remains  of  the  two  slurry  acceptors  exposed  on  DRESTC  4. 

Here  is  a brief  summary: 

1.  The  DRESTC  trial  series  provided  data  on  blast  measurements  close  to 
explosions  in  realistic  storage  situations.  These  data  are  particularly 
important  as  other  data  are  unavailable. 

2.  From  the  results  of  the  reported  trials,  the  required  present  separation 
storage  distances  for  wooden  and  metal  cased  NATO  Hazard  class  5 military 
explosives  are  unduly  conservative. 

3.  The  classing  of  the  more  sensitive  mass  detonating  explosives  such  as 
Forcite  should  have  further  study  and  evaluatic  i. 
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4.  Additional  tests  may  be  warranted  to  determine  if  there  is  an  optimum 
spacing  between  stored  explosives  and  barricades  to  lessen  blast  effects. 

5.  The  barricade  between  storage  sites  should  be  r-tained. 

6.  The  accumulation  of  data  on  flying  glass  fragments  should  continue  in 
the  context  of  accidental  explosions  and  Inhabited  Building  Safety  Distances. 
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FIGURE  5 
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FIGURE  6 


DRESTC  2 


VELOCITY  MEASUREMENTS 


PRESSURE  (BARS) 
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EARTH  FILL 


REINFORCED 


SAFETY  IN  THE  EXPLOSIVES  BUSINESS 


G.  A.  Chandler 
President,  Winchester  Group 
Olin  Corporation 
New  Haven,  Conn, 


Thank  you  Captain  Klein.  It  is  a great  pleasure  to  be  here  with  you  and 
meet  a number  of  old  friends.  I've  run  across  a few  old  friends,  there 
are  a number  of  Olin  people  here,  also  some  former  Olin  people  are  here 
that  I haven't  seen  for  quite  a while.  Also,  I am  delighted  to  meet  the 
distinguished  military  guests  at  the  head  table. 

I think  we  are  intimately  interested  in  the  subject  that  you're  considering 
for  these  several  days,  and  that  is  the  primary  reason  that  I am  here,  Olin 
has  been  involved  in  this  kind  of  business  for  many,  many  years.  This  is 
the  basic  Olin  family  business — when  I say  this,  I am  talking  the  powder, 
explosives  type  business.  The  company  has  been  in  the  ammunition  business 
for  many,  many  years.  Many  of  you  knew  the  original  company,  the  Western 
Cartridge  Company  in  East  Alton,  Illinois.  Winchester  has  been  involved 
in  arms  and  ammunition  for  more  years  than  most  of  you  are  old.  Certainly 
more  than  I am.  Winchester  became  a part  of  Olin  in  1932;  of  course,  the 
company  itself  was  started  in  1866  and  there  is  a great  deal  of  history  as 
far  as  Winchester  is  concerned. 

We  operate  those  facilities  today  and  we  also  operate  several  other  facili- 
ties. One  is  the  Badger  Army  Ammunition  Plant  in  Baraboo,  Wisconsin,  which 
has  been  operated  by  Olin  since  World  War  II.  We  have  another  military 
semi-explosives  plant  in  Marion,  Illinois  where  we  make  pyrotechnics  and 
assemble  20mm  ammunition,  and  a powder  manufacturing  plant  in  St.  Marks, 
Florida.  I've  seen  your  agenda  for  the  meetings;  they  are  very  highly 
technical.  I would  be  presumptuous  of  me  to  try  to  talk  about  what  some 
of  your  speakers  have  talked  about  today. 

However,  I would  like  to  make  several  comments  when  it  comes  to  safety  in 
the  explosives  business.  You  know  it  is  very  easy  for  us  in  the  explosives 
industry  to  be  smug  about  our  safety  record.  It  is  one  of  the  best  in  all 
of  industry.  Unfortunately,  however,  inherent  in  the  raw  materials  and 
finished  products  is  the  hazard  of  explosion,  and  therefore,  when  we  do 
have  an  accident,  there  is  often  tne  possibility  of  multiple  deaths  and 
serious  injuries  from  fire  or  explosion.  Because  of  this  potential,  it 
is  not  enough  that  we  are  better  than  the  rest  of  industry;  we  must  stand 
head  and  shoulders  above  everyone  else.  There  is  really  no  margin  for  error. 
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How  do  we  achieve  this  kind  of  a status?  We  can  do  this  by  moving  our- 
selves ahead  into  the  21st  century,  let's  say.  We  must  change  explosives 
technology  from  an  art  to  a science.  Captain  Klein  and  I were  discussing 
a few  minutes  ago  the  difference  between  art  and  science  when  it  comes  to 
explosives  and  there  is  merit  in  each  side  of  it.  We  cannot  throw  out  the 
art,  yet  we  have  to  move  into  the  science  side.  What  would  be  more  appro- 
priate than  for  us  whose  products  and  devices  can  be  propelled  to  a desti- 
nation half  way  across  the  world,  to  use  this  technology  to  prevent  explosions 
and  to  safeguard  our  workers.  Certainly,  if  we  can  remotely  control  a 
vehicle  on  the  moon,  we  are  capable  of  controlling  our  manufacturing  processes 
from  200  or  300  feet  away  with  our  people  safely  behind  heavy  barricades. 

I was  talking  with  an  old  friend,  Norl  Hamilton,  who  runs  the  Volunteer 
Army  Ammunition  Plant,  and  he  described  today  their  very  highly  automated 
TNT  plant.  Perhaps  he  was  reading  my  speech  before  I wrote  it,  I am  certain 
that  you — and  I am  certain  that  Norl,  like  Olin — have  made  increasing  use 
of  TV  camera  and  the  remote  operation  of  explosives  handling  equipment,  but 
we  have  only  scratched  the  surface.  We  are  still  only  modernizing  old 
techniques  and  old  equipment. 

It  seems  to  me  that  it  is  theoretically  possible  for  us  to  design  an  explo- 
sives plant  which  requires  only  a few  employees  to  maintain  the  equipment, 
feed  the  raw  material  and  remove  the  finished  product.  We  must  develop  new 
methods,  new  devices,  new  apparatus  which  are  designed  specifically  for 
computer-controlled  automation.  This  must  be  our  goal.  This  is  the  science, 
this  is  the  technology  which  I believe  is  absolutely  essential  and  absolutely 
possible.  So  much  for  the  improvements  in  technology.  Let  me  talk  about 
another  subject  which  I think  is  equally  important. 

We  must  also  improve  our  communications.  Almost  every  physics  class  has 
pondered  the  question  of  the  tree  that  falls  in  the  woods  when  no  one  is 
around  to  hear  it.  The  question  is:  Did  the  fall  create  a noise?  I will 
not  discuss  the  philosophical  or  scientific  principles  involved  in  the 
answer;  however,  I do  submit  that  an  accident  and  an  investigation  that  is 
confined  to  the  plant  where  it  occurs  is  like  a tree  that  falls  in  the  woods 
and  there  is  no  one  to  hear.  There  must  be  no  boundaries,  no  company 
interests,  no  secret  processes  when  the  safety  and  the  lives  of  people  are 
involved. 

Financial  successes  which  result  from  a disastrous  explosion  of  a competitor 
which  we  could  have  prevented  is  not  the  kind  of  success  that  any  of  us  wants. 
I will  say  this,  that  information  on  any  Olin  explosives  accident  is  always 
available.  Usually  a telephone  call  will  suffice;  sometimes  a letter  is 
involved;  but  we  will  always  find  a way  to  give  you  an  answer  which  will 
allow  you  to  safeguard  your  people  from  a similar  accident. 

The  various  accident  reports  which  are  presently  circulated  throughout 
industry  can  provide  vital  information  for  all  of  us.  However,  sometimes 
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I am  reminded  of  the  story  of  the  psychiatrist  who  when  passing  a colleague 
on  the  street  is  greeted  with  a cheery  "good  morning"  and  the  psychiatrist 
asks  hirnself  suspiciously,  "What  could  he  have  meant  by  that?"  Let’s  not 
write  our  accident  reports  so  that  our  colleagues  in  other  companies  have 
to  ask  themselves,  "What  could  he  have  meant  by  that?"  Nor  should  you 
assume  that  because  you  are  the  only  manufacturer  of  a certain  product, 
that  an  accident  report  is  not  necessary.  It  is  a rare  accident  or  near 
miss  that  has  no  message  for  someone  else.  Sometimes  a near  miss  is  more 
significant  than  a lost  time  accident.  Just  to  refer  to  that  specifically, 

I can  recall  as  a plant  manager  a number  of  years  ago,  near  misses  were, 
most  of  the  time,  more  dangerous  than  lost  time  accidents.  For  example, 
we  had  coils  of  metal  weighing  10,000  lbs.  each,  and  the  pile  fell  over 
one  day.  Ten  coils  of  metal  and  no  one  was  hurt.  In  my  judgment,  this 
was  far  more  dangerous  than  the  nuts  on  the  fingers  that  we  report  as 
accidents.  So  that  near  misses  are,  many  times,  more  dangerous  than  .he 
accidents  themselves. 

Explosives,  chemicals,  apparatus  and  people  all  have  similarities.  An 
honest,  in  depth  report  spares  no  man’s  feelings.  Most  analyses  and  most 
good  analyses  of  an  accident  will  reveal  the  true  cause  and  lesson  and  lead 
the  way  to  preventive  measures  that  can  possibly  save  a life. 

The  goal  of  "open  covenants  openly  arrived  at"  may  never  be  attained  in 
world  politics,  but  "truthful  investigations  truthfully  reported"  is  not 
beyond  the  explosives  industry’s  abilities  or  at  odds  with  its  interests. 

It  is  not  just  external  communications  that  must  be  improved.  Communications 
internally  between  top  management  and  the  first  line  supervision  must  be 
better.  Often,  I remind  myself  that  the  verbal  message  I give  to  my  key 
staff  may  be  misleading.  It  is  very  deflating  to  the  ego,  to  myself,  and 
perhaps,  Captain  Klein  to  fine  out  that  once  in  a while  the  instructions 
that  I have  given  have  not  been  passed  on  down  the  line.  The  foreman  and 
the  worker  will  judge  me  only  on  my  actions  and  only  on  what  they  hear 
from  their  supervisors.  I must  make  it  abundantly  clear  at  eveiy  level  of 
management,  that  I mean  it  when  I say  that  safety,  quality  and  production 
are  equally  important.  In  my  judgment,  actions  speak  a great  deal  louder 
than  words. 

Let  me  describe  just  briefly  what  I believe  the  key  elements  of  a good 
safety  program  are:  I think  that  the  first  and  most  important  element  is 
that  the  top  man  has  to  say,  "I  want  a good  safety  program."  If  the  top 
man  does  not  say  that  and  support  the  people  involved,  he  will  not  have  the 
program.  This  is  absolutely  essential.  As  a matter  of  fact,  I practice 
this,  I preach  it  all  the  time  and  when  some  of  my  associates  said,  "George, 
you  must  come  down  to  Florida,  and  meet  with  the  people  at  this  explosives 
meeting  and  speak  to  these  people,"  I really  couldn't  say  no,  and  I am 
delighted  to  be  here. 


45 


The  second  key  factor  of  a good  safety  programs  you  must  have  the  basic 
elements  of  the  program  for  that  particular  operation.  And  if  you  don’t 
know  that  yourself,  personally,  there  are  many  able  consultants  around 
who  can  help.  I have  used  an  older  gentleman  who  was  with  our  company  30 
or  40  years  whom  I consider  to  be  one  of  the  best  safety  men  I have  ever 

known  and  he  was  most  helpful  to  me  in  many,  many  operations.  He  helped 

establish  the  basic  rules  and  the  basic  operating  procedures  in  the  various 
plants  that  we  operate. 

Number  three,  and  equally  important,  is  the  housekeeping  program.  You  must 
have  good  housekeeping,  I consider  this  to  be  essential  to  a good  safety 
program.  I can  walk  into  a plant,  and  many  of  you  can  also,  and  you  can 
tell  what  kind  of  an  operation  it  is  by  what,  the  housekeeping  is  like.  If 
it's  in  good  shape,  generally  speaking,  other  things  are  good  also. 

Generally,  when  housekeeping  is  bad,  other  things  are  in  trouble. 

Number  four,  you  must  have  follow-through  at  all  levels.  You  must  make 

sure  that  things  are  happening  ■'S  you  expect  they  should  be.  And  that 

means  getting  out  into  the  plant,  out  into  the  operations  to  see  what  is 
happenings 

And  I think,  finally,  for  a good  safety  program,  you  have  to  merchandise 
the  program.  Merchandising  is  a tet,m  that  I use  in  the  commercial  side 
of  the  business  quite  often.  Perhaps  you  don’t  hear  it  in  the  safety  side 
of  the  business.  It  is  very  good  to  merchandise  your  product,  whatever 
it  may  be. 

And  there  are  all  kinds  of  ways  to  do  this.  We  have  a number  of  examples 
which  I find  to  be  a lot  of  fun.  One  of  our  plants  that  I used  to  visit  in 
Burnside,  Louisiana  had  a safety  award  dinner  and  I would  go  there  every 
year  to  be  with  the  troops.  When  they  had  this  party,  it  was  a real  wing- 
ding.  But  it  was  a safety  party  and  there  was  a message,  and  everybody 
came  and  we  had  a lot  of  fun.  We  give  away  glasses  for  safety  programs, 
drinking  glasses  with  some  kind  of  a special  emblem  on  them.  People  like 
to  be  proud  of  the  place  they  work  in;  if  you  put  some  kind  of  an  emblem 
on  glasses,  they  will  take  them  hc^°  and  serve  drinks  (whether  they  be 
strong  drinks  or  mild  drinks,  it  really  doesn’t  matter)  and  they're  proud 
of  it.  They  get  these  glasses  if  the  safety  record  is  good.  TV  stamps — 
some  plants  . nd  some  operations  have  a TV  stamp  program  where  you  get  so 
many  points  for  a good  record,  lack  of  accidents. 

Now,  I have  had  safety  people  say  to  me,  "George,  that’s  not  a proper  way 
to  promote  a safety  program  because  those  are  gimmicks."  No,  they’re  not 
gimmicks.  They  are  merchandising.  They  are  very  important  when  I sell 
products  commercially.  We  merchandise  them.  Why  not  sell  projects  internally 
and  merchandise  the  same  way.  So  a safety  program,  in  my  judgment,  has  to 
have  all  these  things.  Again,  the  top  man  has  to  say,  "I  want  a good  safety 
record,"  and  then  he  has  to  go  and  get  it. 
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In  Olin,  we  demonstrate  this  principle  by  placing  safety  as  the  first  item 
on  our  sta.7f  meeting  agendas;  by  giving  safety  appropriations  top  priority; 
by  requiring  immediate  reporting  of  disabling  injuries  and  accidents  all 
the  way  up  tc  the  President.  We  have  a system  now  where  the  top  man  in 
charge  of  any  operation  that  I am  responsible  for  (we  have  about  15  in  this 
country  and  7 overseas)  is  to  notify  me  immediately  when  there  is  a lost- 
time accident — not  in  writing,  but  in  person  or  by  phone,  so  we  have  direct 
contact.  We  make  good  safety  performance  a requirement  for  a bonus  or  for 
a raise.  And  it's  amazing  when  youtalk  about  money,  how  well  people  listen. 

These  are  far  better  demonstrations  of  our  interest  in  safety  than  words 
spoken  at  some  safety  awards  ceremony.  I think  ceremonies  are  very 
important,  but  I think  actions  speak  a great  deal  louder  than  words. 

Communications  and  technology — these  are  the  tools  that  will  achieve  for 
the  explosives  industry  a low  severity  to  go  along  with  a low  frequency 
and  place  us  head  and  shoulders  above  the  rest  of  American  industry. 

In  conclusion,  let  me  say  that  as  far  as  we  are  concerned,  we  are  very 
willing  to  share  with  you  our  information  on  safety.  All  of  us  are  faced 
with  many  new  processes  or  changes  in  our  production  lines  that  raise  a 
question  as  to  the  safety  of  a particular  element.  You  may  know  of  a 
certain  Winchester  individual  or  plant  that  has  had  the  same  problem. 

If  any  of  you  have  any  such  problems  in  the  future,  I invite  you  to  pick 
up  the  phone  and  directly  call  the  safety  manager  at  one  of  our  plants  in 
East  Alton,  Illinois;  Marion,  Illinois;  or  St.  Marks,  Florida;  and  of  course 
our  GOCO  plant  in  Baraboo,  Wisconsin.  We  feel  that  this  kind  of  information 
is  important  for  us  to  share  with  you  and  hopefully,  for  you  to  share  with 
us.  I think  that  passing  the  information  around  will  provide  a lesson  for 
all  of  us  to  learn,  and  I think  it  can  be  helpful  to  us. 

My  thanks  for  the  invitation  to  come  down  here.  1 am  delighted  to  be  with 
you,  I think  that  the  Captain  has  discussed  with  me  the  intent  of  this 
program.  It  is  a most  worthwhile  project.  It  is  essential  to  the  success 
of  your  business;  it  is  essential  to  the  success  of  our  business;  and  I 
wish  you  well  in  the  future.  Let's  not  have  any  explosions. 

Thank  you  very  much. 
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THE  UK  uRDNANCE  BOARD  AND  ITS  ROLE  YESTERDAY  AND  TODAY 

Major  General  P.J.M.  Pellereau 
Vice-President  (Military) 

Ordnance  Board 
United  Kingdom 


Today  I shall  endeavour  to  give  you  a brief  insight  into  the  origins, 
history  and  present  day  organisation  and  working  of  the  Ordnance  Board, 
culminating  in  our  current  endeavours  to  foster  wider  international 
agreement  on  the  philosophy  and  principles  involved  in  the  assessment  of 
the  safety  and  suitability  for  service  of  armaments,  and  their  safety  in 
peace-time  training  conditions. 


Introduction 


The  Ordnance  Board  have  established  a tradition  for  the  independent  and 
unbiassed  appraisal  of  the  safety  and  suitability  for  service  of  weapons 
and  weapon  systems  in  which  explosives  are  involved.  We  are  prcud  of  this 
tradition  and  endeavour  to  maintain  it  unimpaired,  even  though  our  present 
day  methods  of  working  have  to  be  in  accord  with  current  procurement 
procedures. 

The  Board  Yesterday 

The  association  of  the  Board  and  its  predecessors  with  ordnance  and  explo- 
sives goes  back  over  560  years.  In  1414,  King  Henry  V of  later  Agincourt 
and  Harfleur  fame,  appointed  one  Nicholas  Merbury  as  the  first  recorded 
Master  of  Ordnance,  with  a John  Louth  as  his  Clerk.  In  the  letter  patent 
of  appointment  the  King  authorised  Merbury  to  "take  and  provide,  by  your-' 
selves  or  by  your  sufficient  deputies;  as  many  stonecutters,  carpenters, 
sawyers,  smiths  and  labourers  as  may  be  necessary  for  the  work  of  engines, 
guns  and  ordnance  aforesaid..,......." 

From  these  very  practical  beginnings  grew  what  .vas  eventually  to  become  a 
great  and  powerful  Department  of  State.  It  may  be  of  interest  to  glance 
quickly  at  the  vicissitudes  of  the  successors  of  Nicholas  Merbury  and  his 
band  of  artisans  over  the  intervening  500  years  of  history. 

Initially  the  Masters  of  Ordnance  were  men  from  relatively  humble  origins, 
in  the  merchant  or  scholar  class,  who  had  the  good  fortune  to  receive  royal 
patronage,  for  in  England  in  medieval  times  all  commerce  and  craft  activities 
were  controlled  by  royal  warrants,  or  charters.  This  placed  almost  monopo- 
listic control  of  various  trades  and  crafts  into  the  hands  of  individuals 
like  Nicholas  Merbury  or  of  groups  of  men  formed  into  guilds.  As  time 
went  by  the  arms  industry  prospered  in  England,  It  was  centred  on  the 
Tower  of  London. 

Then  (as  shown  in  this  contemporary  view)  in  the  early  19th  century,  sur- 
rounded by  open  spaces.  In  these  spaces,  a cottage  industry  of  charcoal 
burning,  foundry  work,  and  the  manufacture  of  sulphur  and  saltpetre 
supported  the  main  work  in  the  Tower  workshops.  No  doubt  the  activities 
of  the  Master  of  Ordnance  or  his  deputies  entailed  witnessing  events  such 
as  s own  on  this  slide. 

Because  of  the  troubled,  warring  times  of  the  l'.>th  and  16th  centuries, 
the  arms  trade  was  brisk  and  Masters  of  Ordnance  prospered.  Soon  it  was 
the  nobility  who  held  the  job,  many  of  whom  were  great  names  in  the  land. 
Among  these  was  Sir  Philip  Sidney:  1585-86,  the  Elizabethan  scholar, 
statesman  and  soldier  of  immortal  fame  following  his  chivalrous  action  at 
the  Battle  of  Zutphen  when,  mortally  wounded,  he  passed  his  water  bottle 
to  a common  soldier,  also  dying,  with  the  words  "thy  necessity  is  yet 
greater  than  mine," 
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However,  all  was  not  well  with  the  Office  of  Ordnance.  Profiteering  and 
fraud  on  a large  scale  had  been  carried  out  at  the  expense  of  the  Exchequer. 
In  1590,  Queen  Elizabeth  I set  up  a commission  to  investigate  the  manner 
and  method  of  working  of  the  Master  of  Ordnance  and  this  commission  ran  the 
Ordnance  Office  for  the  next  7 years. 


1 


In  1597,  under  the  Queen’s  warrant  a Board  of  Ordnance  was  set  up  under 
a great  master  to  provide  ordnance  and  warlike  stores  for  use  both  on 
land  and  at  sea.  The  first  Great  Master  of  Ordnance  was  the  royal 
favourite,  Robert,  Earl  of  Essex. 
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Robert  Earl  of  Essex 

His  appointment  was  for  life  - but  in  his  case  this  was  arbitrarily  cut 
short  by  the  executioner’s  axe  some  four  years  later. 


During  Stuart  times,  the  Board  under  its  great  master  prospered,  becoming 
second  in  importance  only  to  the  Treasury.  Its  responsibilities  included 
the  design  and  development  of  armament,  their  manufacture  and  storage  and 
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the  raising  and  equipping  of  trained  bands  of  artillery  when  so  required 
in  time  of  war. 

During  the  struggle  between  King  Charles  I and  Parliament,  and  the  ensuing 
civil  war,  the  Board  came  in  for  the  attention  of  Oliver  Cromwell.  There 
were  very  good  reasons  for  this.  The  Great  Master  was  appointed  by,  and 
owed  allegiance  to  the  King,  not  Parliament!  Since  the  Great  Master  ran 
the  Board,  he  had  at  his  disposal  all  the  cannon  and  warlike  stores  without 
which  an  Amy  was  becoming  very  vulnerable.  It  was  essential  for  the 
Parliamentary  cause  therefore  that  the  Board  be  subject  to  Parliament,  and 
during  the  period  of  the  Protectorate  the  Board  was  run  by  a parliamentary 
commission. 

After  the  restoration  of  the  monarchy,  King  Charles  II  reconstituted  the 
Board,  and  renamed  it  in  1683,  the  Great  Board  of  Ordnance,  placing  it 
under  the  direction  of  a Master  General  and  his  Deputy,  the  Lieutenant 
General.  As  a part  of  the  reorganisation  and  in  recognition  of  the  fact 
that  artillery  and  military  engineering  were  then  a necessary  part  of  any 
standing  military  force,  the  King  also  authorised  the  raising  of  two  new 
permanent  military  corps;  now  existent  ass  The  Royal  Regiment  of  Artillery 
and  The  Corps  of  Royal  Engineers,  gunners  and  sappers  as  we  know  them. 

The  Master-General  and  his  deputy  then  were  both  military  commanders,  as 
well  as  being  head  and  deputy  head  of  a Department  of  State.  To  add  further 
to  the  prestige  and  dignity  of  the  office,  the  Master-General  was  brought 
into  the  cabinet  and  became  a principal  adviser  on  military  matters  to  the 
Government  of  the  day. 

The  Board's  responsibilities  then  covered  not  only  the  development,  testing 
and  manufacture  of  ordnance  and  warlike  stores,  but  also  the  raising  of 
professional  bodies  of  soldiers  to  use  these  arms  and  to  carry  out  the 
construction  and  maintenance  of  barracks,  hospitals,  fortifications, 
storehouses,  etc.  and  all  the  administration  for  their  efficient  operation. 
Also  the  Board  had  the  responsibility  for  geological  and  geographical  survey 
this  responsibility  is  still  reflected  in  the  title  of  the  Government  agency 
doing  this  work  today  - The  Ordnance  Survey,  Perhaps  because  of  this  early 
start  the  UK  can  now  fairly  claim  to  be  the  best  mapped  country  in  the  world. 

During  the  early  part  of  the  19th  century  the  Great  Board  went  from 
weakness  to  strength.  The  armorial  bearings  which  you  have  seen  were 
granted  in  1806  and  the  Board  in  its  operation  was  one  of  the  most  powerful 
Government  organisations  in  the  land. 

As  an  old  print  of  a Board  meeting  shows,  the  business  of  the  Board  was 
carried  out  in  a highly  satisfactory  manner. 
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The  Duke  of  Wellington 


At  about  this  time  the  great  Duke  of  Wellington  of  Peninsular  War  and 
Waterloo  fame  became  Master-General.  However  there  was  a great  envy  and 
resentment  building  up  - with  some  good  reason  - in  the  War  Office.  The 
two  principal  support  arms  - Artillery  and  Engineers  - were  not  under  the 
command  and  control  of  the  Commander  in  Chief,  nor  subordinate  in  any  way 
to  the  Secretary  of  State  for  War. 

Matters  drew  to  a head  when  the  War  Office  came  under  severe  public 
criticism  for  alleged  inefficiency  and  maladministrations  during  the 
Crimean  War.  The  opportunity  was  taken  in  1855  during  the  absence  of 
the  new  Master-General,  Lord  Raglan,  away  on  a visit  to  get  first  hand 
experience  of  conditions  in  the  battle  zone,  to  attack  the  Great  Board 
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during  a Parliamentary  debate  on  Army  administration.  The  Board  was  made 
out  to  be  the  prime  offender  and  the  attack  was  pressed  home.  But  only, 
as  one  contemporary  spokesman  recalled,  "over  the  dead  body  of  the  'Iron 
Duke"’  who  had  died  a year  or  two  earlier.  An  order  by  Queen  Victoria  in 
May  1855  revoked  the  letters  patent  of  the  Master-General  and  the  Lieutenant 
General  of  Ordnance  and  at  the  same  time  passed  to  the  Secretary  of  State 
for  War  the  responsibility  for  ordnance  matters  and  the  military  component 
of  the  Great  Board. 


Lord  Raglan 

For  some  time  previous  to  this,  the  technical  control  and  evaluation  of 
ordnance  development  had  been  in  the  hands  of  various  committees  set  up 
within  the  Great  Board.  There  was  thus  still  an  experience  within  the 
military  component  which  could  be  put  to  good  use.  However  within  three 
years  an  ordnance  select  committee  was  constituted  with  an  Army  officer 
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as  President  and  a Naval  officer  as  Vice  President.  Its  members  included 
professionally  qualified  Artillery  men,  both  Army  and  Naval,  and  sappers, 
as  well  as  representatives  from  the  ordnance  and  explosive  factories,  and 
scientists  and  mathematicians  from  academic  institutions. 

I'he  Committee  was  charged  to  carry  out  and  report  on  all  questions  relating 
to  experiments  and  inventions  connected  with  ordnance  and  small  arms. 

Between  1858  and  1881  there  were  several  such  committees  in  succession 
similarly  tasked. 

In  1881  the  Ordnance  Committee  was  revised  and  strengthened  and  in  1908 
several  other  committees  were  joined  to  it  to  form  an  Ordnance  Board  again. 

The  organisation  of  this  new  Board  followed  the  same  lines  as  the  Ordnance 
Committee  with  both  Navy  and  Army  being  represented  along  with  distinguished 
civilian  scientists.  One  important  difference  however  was  that  responsibility 
for  the  design  of  land  and  sea  ordnance  material  was  placed  elsewhere. 

The  new  servict  , the  Royal  Air  Force,  became  represented  on  the  Board  in 
1921,  and  since  that  day  the  Board  and  its  work  have  oeen  essentially  tri- 
service, This  asoect  was  finally  sealed  in  1945  by  the  appointment  of  the 
first  RAF  officer  as  President  of  the  Board. 

The  Board  Today 

And  so  we  come  to  1974.  The  present  day  Ordnance  Board  is  firmly  established 
as  a joint  service  organisation  whose  main  duties  aret 

1.  To  appraise  weapons  and  weapon  systems  containing  explosives  for 
safety  and  suitability  for  service,  having  arranged  or  having  been  asso- 
ciated with  trials  on  these  and  assessed  the  results. 

2.  To  advise  service  staffs,  establi sliments , technical  and  logistic 
directors  on  matters  referred  to  the  Board  or  on  matters  coming  to  the 
Board's  notice,  particularly  where  inter-service  coordination  is  required. 

3.  To  make  appropriate  recommendations  to  service  staffs  on  safety 
matters  affecting  the  use  of  weapons  during  training  in  peace-time. 

4.  To  report  and  publish  in  printed  proceedings s 

Programmes  and  results  of  tests  and  trials. 

The  corporate  opinion  and  recommendations  of  the  Board. 

Board  statements  of  policy  and  other  decisions  as  appropriate. 

In  carrying  out  these  duties  the  Board  act  without  fear  or  favour,  with 
the  aim  of  achieving  the  highest  possible  standards  of  safety,  not  only 
from  the  viewpoint  of  the  users  be  they  sailors,  soldiers,  or  airmen, 
but  also  that  of  the  general  public  by  watching  out  that  no  one  is  exposed 


during  storage,  transportation  and  use  of  explosives  or  the  operation  of 
other  hazardous  equipments  during  service  training. 

Direction  of  the  Board 

Officially,  the  work  of  the  Board  is  sponsored  collectively  by  the  three 
Service  Procurement  Controllers.  I use  the  word  procurement  in  its  UK 
military  sense  and  include  the  acquisition  phases  in  this  term  as  well. 

The  Controllers  ares 

a.  The  Controller  of  the  Navy, 

b.  The  Master  General  of  the  Ordnance  - a name  you  will  recognize 
from  history  and  now  held  by  the  Army  Board  Member  responsible  for  the 
procurement  of  Army  equipment,  and, 

c.  The  Controller  of  Aircraft. 

However,  by  tradition  the  Board  considers  itself  answerable  to  humanity  at 
least,  if  not  to  God. 

Usually  the  bulk  of  the  Board's  work  arises  out  of  requests  from  subordinate 
authorities  of  the  respective  Controllers  - in  UK  parlance  these  are  the 
approving  authorities  for  their  section  ol  the  equipment  spectrum. 

In  accepting  such  requests  and  in  giving  subsequent  advice,  the  Board  are 
professionally  independent,  although  they  are  I'mpuwered  to  seek  assistance, 
should  they  wish  to,  from  a very  wide  range  of  sources  in  industry  or  uni- 
versities as  well  as  from  Government  agencies.  In  particular  the  Board 
ensure  that  any  trials  with  which  they  are  associated  are  appropriate  to 
their  assessment  and  that  they  are  carried  out  in  accord  with  the  Board’s 
standards.  This  independence  and  the  ability  to  resist  outside  pressure 
are  the  bases  of  the  unique  position  of  the  Ordnance  Board. 

Tasks  of  the  Board 


At  this  stage  it  may  be  useful  to  look  quickly  at  the  wide  range  of  weaponry 
the  Board  are  asked  to  consider  from  time  to  time. 

Even  abbreviated  our  tasks  spread  to  two  tables.  The  first  lists  the  stores 
with  which  we  are  concerned*  guns,  mortars,  small  arms  and  associated  ammu- 
nition; weapon  mounting  and  fire  direction  equipment;  Naval  mines  and 
torpedoes;  Army  mines  and  demolition  stores,  unguided  rockets  and  aerial 
bombs;  guided  weapons;  pyrotechnic  stores;  power  cartridges. 

The  second  lists  the  facets  of  interest  to  the  Board:  explosives  and 
incendiary  compositions;  electrical  hazards  to  weapon  systems;  applied 
ballistics;  attack  of  armour;  ship  magazine  safety;  nuclear  weapon  safety; 
range  safety;  and  safety  of  laser  devices. 
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Board  Organisation 


At  present  it  comprises  a President  and  two  Vice  Presidents,  collectively 
known  as  'The  Bench,'  a Secretary  and  14  full  Members  and  a number  of 
associate  and  ex  officio  associate  members  (among  the  latter  are  four 
members  from  the  US  Armed  Forces  and  the  US  Naval  Ordnance  Laboratory 
currently  serving  on  the  US  Embassy  staff  in  London). 

The  Board  are  directly  supported  by  a number  of  technical  staff  officers 
from  the  three  UK  Armed  Services  and  the  scientific  Civil  Service, 

The  bench  are  all  two-star  officers,  one  from  each  of  the  three  Armed 
Services.  They  each  serve  a two-year  appointment  as  a Vice  President  and 
in  their  turn  assume  the  office  of  President  during  their  third  and  final 
year.  The  Secretary  and  fourteen  full  Members  are  either  Captains  RN, 
Colonels  or  Croup  Captains  or  an  equivalent  grade  in  the  scientific  Civil 
Service.  The  work  of  the  Board  is  distributed  by  Service  interest  and  by 
weapon  technol;  ,,y  between  the  Members,  all  of  whom  are  technically  competent 
in  their  parti'  \ i.ar  fields.  Each  then  assumes  a special  responsibility 
within  the  Uoai  ns  the  Member  most  concerned  for  his  particular  share  of 
the  work  load.  He  and  his  group  of  technical  staff  officers  form  what  is 
in  effect  a sub-committee  of  the  Board  although  the  official  nomenclature 
for  such  a group  is  a division.  The  bulk  of  the  detailed  work  of  the  Board 
is  carried  out  by  these  groups}  however,  the  results  and  findings  if  they 
are  of  adequate  gravity  are  presented  to  the  whole  Board  sitting  in  formal 
session  in  order  that  all  Members  may  exercise  a corporate  responsibility 
for  collective  advice  and  recommendations.  As  briefly  mentioned  earlier, 
the  formal  business  of  the  Board  is  always  published  in  printed  form,  and 
the  Board  is  fortunate  in  having  its  own  press  and  printing  staff.  The 
printed  form  of  the  Board's  work  appears  as  a proceeding,  known,  fondly  I 
hope,  throughout  most  of  our  circle  of  colleagues  as  the  OB  PRQC,  Over  the 
years  these  procs  have  recorded  an  impressive  collection  of  factual  data 
and  wi se  comment . 

Committee  Work 


In  addition  to  formal  Board  sessions  and  the  detailed  work  in  divisions  of 
the  Board,  several  other  committees  are  associated  closely  with  or  are  the 
responsibility  of  the  Board.  The  more  important  of  these  are: 

a.  The  Explosives  Storage  and  Transport  Committee  is  responsible  for 
prescribing  the  safety  conditions  to  be  observed  during  the  storage  and 
conveyance  of  all  explosives  by  land,  sea  or  air.  Although  it  is  under 
the  chairmanship  of  one  of  the  Vice-Presidents  of  the  Board  and  is  served 
by  a small  secretariat  located  in  and  administered  by  the  Board,  several 
other  non  Defence  Departments  such  as  the  Home  Office  and  the  Department 
of  the  Environment  are  also  involved.  This  is  the  committee  which  has 
perhaps  the  greatest  measure  of  interest  in  the  DoD  Safety  Board  Seminar, 
which  is  why  I as  Chairman  of  ESTC  was  very  glad  to  be  able  to  accept  the 
invitation  to  attend. 
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b.  The  Attack  of  Armour  Committee  is  under  the  chairmanship  of  the 
Army  Member  of  the  Bench  (strangely  enough,  me  again!)  and  its  members 
are  drawn  from  the  Ministry  of  Defence,  members  of  the  Board  and  R&D 
establishments.  It  arranges  trials  concerned  with  attack  of  armour,  the 
results  of  which  are  assessed  and  published  in  Board  proceedings. 

c.  The  Ships  Magazine  Safety  Committee  contains  members  of  the  Board 
but  is  under  the  chairmanship  of  Director  General  Ships. 

d.  The  Electrical/Explosives  Hazards  Committee  is  responsible  for  es 
tablishing  design  philosophy,  developing  trials  techniques  and  arranging 
Board  trials  relating  to  electronic  radiation  and  in-system  electrical 
hazards  to  explosive  stores. 

e.  The  Nuclear  Warhead  Safety  Committee  is  chaired  by  a member  of  the 
Board  and  its  recommendations  are  published  in  Board  proceedings  (though 
on  a limited  distribution). 

f.  The  Aircraft  Safety  Committee  co-ordinates  all  studies  of  the  risk 
of  damage  to  aircraft  arising  from  their  own  conventional  weapons,  after 
release.  Board  Members  sit  in  this  committee. 

g.  The  Work  of  the  Joint  OB/Aircraft /Nuclear  Weapon  Safety  Committee 
is  self  explanatory. 

h.  The  Standing  Committee  on  Range  Safety  works  in  conjunction  with 
military  training  establishments.' 

j.  The  Military  Laser  Safety  Committee  acts  as  a focus  for  this  new 
and  perhaps  most  interesting  advance  in  technology,  which  unfortunately 
brings  some  hazards  with  it. 

International  Standardisation 


Over  the  years,  as  a course  of  normal  working,  the  Board  has  had  occasion 
to  devise  and  collate  a wealth  of  criteria  such  ass 

a.  Principles  of  safety  mechanism  and  fuze  design. 

b.  Philosophy  of  environmental  testing  and  associated  experimental 
test  conditions  and  test  methods,  and 

c.  Principles  of  safety  philosophy. 

to  name  but  a few.  Based  on  these  collected  data,  the  Board  has  enunciated, 
from  time  to  time,  on  desirable  standards  to  be  attained  within  the  three 
British  Armed  Services,  in  relation  to  the  safety  and  suitability  for  service 
of  explosive  components  of  weapons  and  weapon  systems.  We  have  not  been 
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alone  in  this  type  of  work  and  we  appreciate  that  other  countries  have  bean 
engaged  in  parallel  activities.  Unfortunately  there  is  not  always  a coin- 
cidence of  purpose,  or  result,  when  respective  criteria  are  examined. 

It  is  both  militarily  desirable  and  economically  sensible  for  all  forces 
in  an  alliance  to  be  similarly  armed.  Greater  effectiveness  is  created 
in  the  first  instance,  and  a better  use  made  of  wealth  and  resources  in 
the  second. 

However,  if  the  full  benefits  are  to  be  reaped  from  international  colla- 
boration in  armaments,  it  is  important  that  policies  on  weapon  safety  and 
suitability  for  service  are  gradually  harmonised.  Whether  weapons  are 
developed  multi-nationally , bought  from  or  sold  to  other  countries  or  merely 
follow  basic  principles  of  inter-operability,  problems  can  arise  which  need 
to  be  settled  in  good  time.  During  training  complex  situations  may  arise 
affecting  personnel  safety  which  are  better  approached  calmly  in  advance. 

Some  aspects,  such  as  the  transport  and  storage  of  explosives  for  example 
are  already  being  considered  within  NATO  countries  but  many  other  matters 
seem  ripe  for  examination.  At  the  very  begin  \ng,  for  instance,  it  would 
be  helpful  to  agree  to  the  techniques  which  are  used  to  provide  the  data 
from  which  it  may  be  possible  to  assess  whether  a weapon  is  safe  and  suitable 
for  service. 

In  an  attempt  to  provide  the  impetus  to  a more  coherent  approach  on  this 
wider  issue,  the  UK  is  seeking  to  get  active  NATO  involvement  in  discussions 
on  a three  Service  basis.  This  approach  is  being  made  through  the  NATO 
military  agency  for  standardisation. 

Within  the  UK,  the  focus  for  the  initiative  is  the  Ordnance  Board.  As  a 
suggested  starting  point  we  have  instanced  the  following  areas  which  we 
think  are  ripe  for  standardisation  agreement. 

a . The  definition  of  climatic,  mechanical  and  electrical  environmental 
conditions  (some  work  is  already  in  hand  - in  the  form  of  draft  STANAG  2831 
covering  temperature  and  humidity  conditions  for  ground  equipment  but  it  is 
clear  that  shock  and  vibration  also  merit  consideration). 

b . The  principles  for  the  desi gn  of  fuzes  and/or  safety  and  a ~ming 
mechani sms  (STANAG  3525A  is  already  in  existence  covering  aerial  weapons 

and  would,  we  think,  be  readily  extended  across  the  ammunition  and  gun  field). 

c.  Range  safety.  Very  little  official  standardisation  has  been 
achieved  on  the  difficult  problem  of  range  safety  which  vitally  affects 
the  use  of  one  another's  training  areas,  and  weapons. 

d.  Criteria  concerning  the  behavour  of  weapons  in  a liquid  fuel  fire 
such  as  on  the  deck  of  an  aircraft  carrier,  are  perhaps  much  needed. 
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e.  Criteria  for  the  safe  use  of  military  lasers,  which  I have  already 
mentioned  as  a topic  much  on  our  minds  today. 

May  I now  conclude  this  presentation  on  the  Ordnance  Board  with  the  hope 
that  this  brief  glimpse  at  our  past  and  present  aspirations  will  encourage 
and  foster  the  many  excellent  exchanges  and  the  good  will  we  enjoy  with  our 
American  colleagues  in  the  explosive  and  ordnance  business.  I hope  that 
those  present  today  will  assist  in  the  process  of  agreement  on  standardisa- 
tion by  spreading  the  news  of  the  approach  through  NATO  and  explaining  its 
long  term  benefits. 
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THE  ORDNANCE  BOARD 

1.  The  Ordnance  Board  have  established  a tradition  for  the  independent  appraisal  of 
the  safety  and  suitability  for  service  use  of  weapons  and  weapon  systems  in  which 
explosives  are  used.  This  short  note  describes  the  Board’s  aims,  functions  and  modus 
opcrandi. 

Historical  Note 

2.  The  Ordnance  Board  trace  their  history  back  tc  1414  when  Henry  V appointed  Nicholas 

Merbury  as  the  Master  of  Ordnance  and  John  Louth  as  his  clerk  to  “ talce  and  provide, 
by  yourselves  or  by  your  sufficient  deputies,  as  many  stonecutters,  carpenters,  sawyers, 
smiths  and  labourers  as  may  be  necessary  for  the  works  of  engines,  guns  and  ordnance 
aforesaid,  together  with  sufficient  timber,  iron  and  all  other  things  likewise  necessary  for 
the  works  aforesaid,  and  also  with  carriage  for  same  when  there  is  reasonable  need  for 
it,  so  long  as  you  shall  continue  in  your  said  offices.  And  we  shall  therefore  direct  you 
to  busy  yourselves  diligently  about  the  premises  and  perform  and  execute  them  in  the 
form  aforesaid  

3.  Modern  history  starts  in  1855  with  the  creation  of  the  Ordnance  Select  Committee, 
which  was  managed  solely  by  the  Army  until  a Naval  Vice-President  was  included  in 
18-58.  This  Committee  continued  to  function  under  various  titles  until  1908,  in  which 
year  it  became  known  as  the  Ordnance  Board.  An  RAF  Member  was  included  in  1919 
and  the  first  RAF  President  was  appointed  in  1945. 

Present  Function 

4.  With  the  passage  of  time  the  executive  role  of  the  Board  in  respect  of  weapon 
research,  development  and  procurement  has  passed  to  other  authorities  and  the  Board 
are  now  solely  an  advisory  In.dy.  In  essence,  they  advise  the  Controllers,  usually  through 
the  Approving  Authority,  on  the  safety  and  suitability  for  service  of  any  weapon  or 
part  of  a weapon  system  in  which  explosives  are  used.  The  term  “ suitability  for  service  " 
is  used  in  the  context  of  the  Board  s assessment  of  the  weapon  to  function  safely  and 
satisfactorily  in  its  service  environment.  Except  in  so  far  as  it  may  affect  weapon 
safety,  such  an  assessment  does  not  necessarily  include  either  a quantitative  assessment 
of  functional  reliability  or  the  ability  to  meet  all  the  Staff  Requirements;  these  latter 
aspects  are,  rightly,  the  responsibility  of  the  R & D Authorities. 

5.  The  advice  of  the  Board,  given  without  fear  or  favour,  is  aimed  at  obtaining  the 
highest  possible  standards  of  safety  not  onb*  from  the  viewpoint  of  the  users,  be  they 
sailors,  soldiers  or  airmen,  but  also  that  ' le  general  public,  by  ensuring  that  they, 
too,  are  not  exposed  to  any  avoidable  huzaids  during  the  storage,  transportation  and 
use  of  explosives, 

Control 

6.  The  work  of  the  Ordnance  Board  is  functionally  directed,  collectively,  by  the 
Controller  of  the  Navy,  Master  General  of  the  Ordnance  and  Controller  of  Aircraft. 
The  bulk  of  the  Board’s  work  comes  as  requests  for  advice  from  the  Approving  Authorities 
of  the  Procurement  Executive,  who  are  directly  responsible  to  the  3 Controllers  for 
ensuring  that  weapons  being  developed  meet  the  service  requirements. 

7.  Professionally,  the  Board  arc  independent  and  give  advice  on  standards  of  safety  and 
suitability  for  service  and  ensure  that  associated  trials  are  conducted  in  accordance  with 
Ordnance  Board  standards.  It  is  this  independence  from  outside  pressures  which  is  the 
very  core  of  the  unique  value  of  the  Ordnance  Board. 

Composition 

8.  The  present  Board  comprise  a President  and  2 Vice-Presidents  (The  Bench),  the 
Secretary,  full  Members  and  Associate  and  ex-officio  Members,  supported  by  a number 
of  Technical  Staff  Officers  from  the  Military  and  Civilian  Services. 
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9.  Members  of  the  Bench,  consisting  of  3 two-star  officers,  one  from  each  service,  each 
serve  a 2-year  appointment  as  Vice-President  and  take  it  in  turn  to  be  President  for  their 
final  thira  year.  The  posts  of  Secretary  and  Deputy-Secretary  are  currently  filled  by 
a Captain,  RN;  and  a retired  Squadron  Leader.  The  14  Members  of  the  Board  include 
3 Captains,  RN;  one  Colonel,  RM;  5 Colonels;  3 Group  Captains  and  2 Senior  Principal 
Scientific  Officers  of  the  Civil  Service.  Each  Member  of  the  Board  is  supported  by  2 
or  more  Service  Technical  Staff  Officers,  normally  in  the  equivalent  rank  of  Major,  and 
by  civilian  scientific  grades. 

Organisation 

10.  Members  and  their  staffs  are  organised  in  Divisions  grouped  broadly  to  deal  with 
conventional  weapons,  guided  weapons  and  nuclear  weapons,  together  with  a Support 
Division  which  is  manned  by  scientific  staff  to  advise  on  Explosives  Chemistry,  Nuclear 
Physics,  Environmental  Testing  and  Statistical  Analysis. 

11.  Located  within  the  Board  is  the  Applied  Ballistics  Department,  headed  bv  a 
Superintendent,  who  is  a full  Member  of  the  Board.  The  Department  has  modem 
computing  facilities  and,  in  addition  to  Range  Table  production,  is  largely  concerned 
with  assessment  of  risk  to  the  service  user  arising  from  fragmenting  projectiles.  Another 
important  task  is  the  study  of  the  risk  of  fragment  damage  to  aircraft  from  their  own 
weapons. 

Operation. 

12.  Advice  given  by  the  Board  must  be  based  on  factual  data.  To  this  end,  the  Board 
are  associated  with  R & D Trials  and  may  also  call  for  any  additional  trials  which  they  may 
consider  necessary  to  ensure  that  the  production  version  of  any  explosive  store  is  safe 
for  transportation,  storage  and  use,  and  that  it  functions  satisfactorily  when  used  in  a 
service  environment.  In  the  first  instance,  the  results  of  trials  are  assessed  by  the  Member 
most  concerned,  who  then  presents  his  assessment  to  a weekly  meeting  of  the  entire 
Board  for  critical  examination  and  discussion.  The  results  of  these  deliberations  are 
published  in  a document  known  as  an  Ordnance  Board  Proceeding  (OB  Proc),  winch 
include  the  corporate  opinions,  recommendations  and  advice  of  the  whole  Board.  This 
method  of  operation  not  only  ensures  meticulous  attention  to  detailed  aspects  of  safety 
and  suitability  for  service  but  also  makes  full  use  of  the  widely  experienced  Members, 
whose  appraisal  is  essentially  objective,  informed  and  constructively  critical. 

13.  The  early  involvement  of  the  Board  in  any  new  requirement  is  essential  in  order 
to  influence  design  for  safety,  to  allow  preliminary  appraisals  to  be  completed  before 
production  commences,  and  to  avoid  duplication  of  subsequent  R & D and  OB  trials 
of  the  production  store  so  as  to  save  time,  money  and  effort.  The  latter  point  is 

Jiarticularly  important  in  the  light  of  the  increased  cost  of  weapons  and  the  limited  range 
acilities  nw  available  for  trials. 

Committee  Work 

14.  The  Board  are  responsible  for,  or  associated  with,  a number  of  committees,  which 
include  the  following;  — 

a.  Explosives  Storage  and  Transport  Committee.  This  is  a Government  inter- 
Departmental  Committee  responsible  for  prescribing  the  safety  conditions  to  be 
observed  during  the  storage  and  conveyance  of  Government  explosives  by  land, 
sea  or  air.  It  is  under  the  chairmanship  of  one  of  the  Vice-Presidents  of  the 
Board  and  is  served  by  a small  Secretariat,  located  in  and  administered  by  the 
Board. 

b.  Attack  of  Armour  Committee.  This  Committee  is  under  the  chairmanship  of 
the  Army  Member  of  the  Bench  and  its  members  are  drawn  from  DGW(A),  DGFVE, 
DA  Arm,  Army,  RAF  and  Scientific  Members  of  the  Board  and  R & D Establishments’. 
It  arranges  trials  concerned  with  attack  of  armour,  the  results  of  which  are  assessed 
and  published  in  Board  Proceedings. 
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c.  Royal  Navy  Magazine  Safety  Committee,  The  Board  provide  members  of  this 
Committee,  which  is  under  tne  chairmanship  of  DG  Ships. 

d.  Electrical/ Explosives  Hazards  Committee.  This  Committee  is  responsible  for 
establishing  design  philosophy,  developing  trials  techniques  and  arranging  Board 
trials  relating  to  electronic  radiation  and  in-system  electrical  hazards  to  explosive 
stores. 

e.  Nuclear  Warhead  Safety  Committee.  This  Committee  is  under  the  chairmanship 
of  a Member  of  the  Board  and  its  recommendations  are  published  in  Board 
Proceedings. 

f.  Aircraft  Safety  Committee.  The  function  of  this  Committee,  sponsored  by 
DA  Arm,  is  to  co-ordinate  all  studies  of  the  risk  of  damage  to  aircraft  arising  from 
their  own  conventional  weapons,  after  release.  Board  Members  sit  in  this 
Committee. 

g.  Joint  OB/A6-AEE  Aircraft /Nuclear  Weapon  Safety  Committee.  This  Com- 
mittee is  responsible  for  investigating  the  safety  of  nuclear  weapons  and  their 
associated  aircraft  control  and  release  systems.  It  is  under  the  chairmanship  of 
a Board  Member  and  its  members  are  drawn  from  the  Ordnance  Board,  A & AEE, 
RAE  and  AWRE. 

h.  Standing  Committee  on  Range  Safety.  The  Board  provide  a member  of  this 
Committee,  which  is  under  the  chairmanship  of  the  Director  of  Army  Training. 
It  lays  down  the  policy  for  Range  Safety  during  practice  firings  on  Army  Depart- 
ment Ranges. 

The  Future 

15.  The  increasing  cost,  complexity  and  lethality  of  new  weapons  and  weapon  systems, 
coupled  with  their  increasing  inter-service  and  multi-national  employment,  reinforces  the 
need  for  a truly  independent  professional  organisation  able  to  look  objectively  at  a weapon 
through  the  eyes  of  the  User.  The  aim  of  the  Ordnance  Board  is  to  continue  to  meet 
this  need.  The  achievement  of  the  aim  will  be  directly  related  to  the  confidence  and 
efficiency  with  which  the  Services  are  able  to  employ  their  weapons  and  weapon  systems; 
and  inversely  related  to  the  number  of  hazards  and  incidents  experienced  with  explosives 
in  these  equipments. 

Note.  It  is  an  established  custom  to  treat  the  " Board  ” as  a plural  noun;  e.g.  " the 
or  “ the  Board  have 


Board  are  “ 


THE  ORDNANCE  BOARD 


i 

70 


A 


NATO  STANDARDISATION 


ARMAMENT  SAFETY  AND  SUITABILITY  FOR  SERVICE 


Introduction 

1.  It  is  both  militarily  desirable  and  economically  sensible  for  NATO  Forces  to  be 
similarly  armed.  Greater  effectiveness  is  created  in  the  first  instance  and  greater  wealth 
in  the  second.  As  has  recently  been  emphasised  by  the  Eurogroup  Defence  Ministers  in 
their  Declaration  on  Principles  of  Equipment  Collaboration  in  May  1972  and  echoed  by 
CNAD’s  Guidelines  for  Improved  Equipment  Collaboration  in  March  1973,  this  is  an  ideal 
which  none  disputes. 

The  Problems 

2.  However,  if  the  full  benefits  are  to  be  reaped  from  international  collaboration  in 
armaments  it  is  important  that  policies  on  weapon  safety  and  suitability  for  service  are 
gradually  harmonised.  Whether  weapons  are  developed  multi-nationally,  bought  from 
or  sold  to  other  countries  or  merely  follow  basic  principles  of  inter-operability,  problems 
can  arise  which  need  to  be  settled  in  good  time.  During  training  complex  situations 
may  arise  affecting  personnel  safety  which  are  better  approached  calmly  in  advance. 

3.  Some  aspects,  such  as  the  transport  and  storage  of  explosives  are  already  being 
considered  within  NATO  HQ  but  many  other  matters  seem  ripe  for  examination.  At  the 
very  beginning,  for  instance,  it  would  be  helpful  to  agree  on  the  techniques  which  are 
used  to  provide  the  data  from  which  it  may  ue  possible  to  assess  whether  a weapon  is 
safe  and  suitable  for  service. 

4.  It  is,  therefore,  highly  desirable  to  stimulate  the  collection  and  building  up  of 
internationally  agreed  principles,  criteria  and  test  procedures  for  the  safety  and  service- 
ability of  military  weapons. 

Aspects  f:r  possible  NATO  Standardisation 

5.  Some  examples  of  aspects  which  might  prove  fruitful  for  NATO  standardisation  are 
given  below.  Others  might  well  occur  during  preliminary  examination : — 

a.  Definition  of  Climatic  and  Mechanical  Environment  Conditions. 

b.  Principles  for  the  Design  of  Fuzes  and/or  Safety  and  Arming  Mechanisms. 

c.  Criteria  covering  the  behaviour  of  Weapons  in  a Fuel  Fire. 

d.  Criteria  for  Range  Safety. 

e.  Criteria  for  Safe  Use  of  Military  Lasers. 

6.  Although  rules  for  the  storage  and  transport  of  explosives  are  already  being 
continuously  evolved  by  a Specialist  Group  they  will  still  benefit  from  dissemination  as 
standardisation  documents  in  harmony  witn  other  weapon  matters. 

Action  within  the  UK 

7.  A paper  has  been  introduced  by  the  UK  through  its  representative  on  the  Army 
Board  of  the  NATO  Military  Agency  for  Standardisation  proposing  that  the  suggested 
standardisation  topics  should  be  studied  by  a suitable  NATO  Inter-Service  forum.  The 
Ordnance  Board  has  already  nominated  a small  Inter-Service  focus  for  expert  contributions 
to  the  UK  input  to  a NATO  forum. 

8.  It  is  hoped  that  all  concerned  with  armaments  will  assist  by  spreading  news  of  this 
approach  and  explaining  its  long-term  benefits. 


CCB/ 197/06 
July  1974 
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THE  UNITED  NATIONS  SYSTEM  OP  CLASSIFICATION  OP  EXPLOSIVES 


R R Watson,  Ministry  of  Defence,  United  Kingdom 


SUMMARY 


1.  The  paper  describes  the  United  Nations  and  NATO  Groups  of  Experts  on 
Explosives  Safety  and  the  system  of  classification  of  explosives  which  they 
have  evolved*  It  provides  an  encouraging  example  of  the  type  of  international 
harmonisation,  to  promote  safety  and  reduce  costs,  which  General  Pellereau 
advocated  earlier  in  the  Seminar.  The  statuB  of  the  system  is  discussed.  The 
hope  is  expressed  that  the  United  States  will  implement  the  system  fully  in 
the  near  future. 

INTRODUCTION 

2.  In  his  talk  on  the  UK  Ordnance  Board,  General  Pellereau  mentioned  the 
Explosives  Storage  and  Transport  Committee  of  whioh  he  is  the  Chairman  and  I 
am  the  Technical  Adviser  on  Explosives.  It  is  through  representation  of  this 
Committee  at  international  meetings  in  recent  years  that  I have  become  enthus- 
iastic about  the  ability  of  international  groups  to  work  well  together  to  over- 
come nation*!  uit'ferences  and  to  achieve  a really  worthwhile  step  forward.  In 
the  process  they  can  create  such  good  personal  relationships  that  many 
incidental  benefits  accrue. 

3.  It  may  be  useful  to  outline  British  interests  and  representation  on 
these  two  Groups  of  Experts.  Figure  1 shows  the  three  main  fieldB  of  respons- 
ibility for  explosives  safety.  All  powers  and  exemptions  derive  from  the 
Explosives  Act  of  1875  which  is  due  for  major  revision  next  year  or  very  Boon 
afterwards.  Mr  E G Whitbread,  Her  Majesty's  Chief  Inspector  of  Explosives, 
leads  the  UK  team  at  the  UN  where  he  is  assisted  by  the  Secretary  and  Technical 
Adviser  (Explosives)  of  the  Explosives  Storage  & Transport  Committee  (ESTC). 

This  Committee  is  the  nearest  British  equivalent  of  the  DoD  Explosives  Safety 
Board.  The  Secretary  ESTC  leads  the  British  team  at  the  NATO  Group  of  Experts 
on  Explosives  Safety;  the  Technical  Adviser  (Explosives)  leadB  at  various 
sub-groups  on  storage  matters.  There  is  olose  collaboration  between  the 
military  and  civil  Bides  on  all  matters  of  mutual  interest,  to  ensure  that  both 
the  UN  and  the  NATO  prescriptions  are  workable  throughout  the  UK  explosives 
field. 

THE  UNITED  NATIONS  GROUP 

4.  Figure  2 outlines  the  links  of  the  UN  Group  of  Experts  on  Explosives.  The 
suocesB  of  this  Group  sinoe  1967  owes  much  to  Mr  W Byrd  of  the  Offioe  of 
Hazardous  Materials,  US  Department  of  Transportation,  who  as  Chairman  directed 
its  work  so  ably  through  a period  when  the  diversity  of  national  views  eeemed 

to  present  an  insurmountable  barrier  to  progress  on  international  harmonisation. 
Since  1973  Mr  E G Whitbread  haB  taken  the  Chair.  He  is  well  known  to  many  of 
you  present  today  through  hiB  earlier  work  in  the  Explosives  Research  and 
Development  Establishment  at  Waltham  Abbey. 
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5.  Rrance,  the  Federal  Republic  of  Germany,  the  US  and  the  UK  were  the 
active  members  while  representatives  of  international  authorities  such  as  IATA 
(international  Air  Transport  Association),  IMCO  (Inter-governmental  Maritime 
Consultative  Organisation)  and  OCTI  (which  makes  agreements  on  European  Rail 
Transport)  have  kept  careful  watch  in  order  to  implement  the  UN  Recommendations 
when  opportune.  This  year  Canada  has  become  a member  which  is  significant  in 
relation  to  future  regulations  for  the  shipment  of  explosives  through  the 
North  American  ports. 

6.  The  Group  meets  twice  a year  to  oonsider  papers  proposing  changes  to  the 
published  Recommendations  in  "Transport  of  Dangerous  Goods".  This  set  of 
volumes  is  printed  by  the  UN  European  Office  of  Geneva.  The  1966  edition 
setting  out  a rather  crude  system  for  international  agreement  on  the  classifica- 
tion and  carriage  of  explosives  was  supplanted  in  1970  by  a much  more  workable 
Bystem.  This  was  further  refined  by  a Supplement  in  1973  reflecting  ideas 

from  IMCO,  NATO  eto.  The  aim  is  to  give  general  recommendations  applicable  to 
all  modes  of  transport  and  to  leave  it  to  particular  regulatory  authorities  to 
take  account  of  safety  requirements  peculiar  to  each  mode.  Although  progress 
may  seem  slow,  it  having  taken  from  1966  to  achieve  a system  worthy  of 
implementation  in  national  regulations,  it  is  good  for  international  work 
where  so  much  depends  not  only  on  technical  criteria  but  also  on  negotiation 
and  compromise. 

7.  In  order  that  the  Recommendations  may  apply  to  military  as  well  as  oivil 
explosives,  the  four  teams  working  since  1966  have  inoluded  military  advisers. 
Significantly  these  have  inoluded  members  or  close  aBsooiates  of  a NATO  Group 
of  Experts  on  Explosives  Safety. 

THE  NATO  GROUP 

8.  Figure  3 showB  the  constitution  of  the  NATO  Group  of  Experts  on  Safety 
Aspects  of  Storage  and  Transportation  of  Ammunition  and  Explosives.  In  view 
of  this  unwieldy  title  and  the  fact  that  it  was  set  up  by  the  NATO  Armaments 
Committee,  it  iB  known  as  AC  258  Group. 

9.  The  original  purpose  of  the  Group  was  to  formulate  criteria  for  Quantity- 
Distances  Tables  to  be  used  by  NATO  Infrastructure  for  planning.  The  estimated 
cost  of  an  ammunition  depot  varied  enormously  according  to  the  country  in 
which  it  was  sited,  because  of  national  vagaries  in  Q-D  requirements.  It  was 
found  impossible  to  agree  a common  set  of  criteria  suitable  for  a STANAG 

( Standardisation  Agreement ) because  traditionally  national  Q-D  standards  are 
based  on  judgement  as  much  as  on  technical  evidence.  Although  the  Group 
could  pool  its  data  it  could  not  standardise  the  judgements.  Therefore  the 
NATO  Manual  on  Explosives  Storage  and  recent  documents  on  transport  set  out 
to  present  an  eclectic  to  serve  as  a basiB  for  negotiations  between  a Visiting 
Force  and  a Host  Nation. 

10.  It  soon  became  apparent  that  the  broadly  based  criteria  of  the  NATO 
Manual  on  Storage  (AC/258-D/70)  were  technically  superior  to  many  nations' 
systems  of  regulation.  It  was  also  realised  that  by  co-operating  in  the 
planning  and  execution  of  costly  trials,  nations  oould  tap  a greater  source 
of  ideas  and  could  avoid  duplication  of  effort  and  expenditure.  Examples  are 
the  British  and  US  tests  on  stacks  of  aircraft  bombs,  the  Anglo-American  test 
aeries  on  ^55tm  shell  stackB,  the  model  and  full-scale  tests  on  Igloos,  the 
British/Canadian  tests  on  sympathetic  detonation  reporter  oisewhere  in  this 
Seminar,  and  several  trial  series  on  underground  storage  involving  Norway  and 
Germany. 
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11.  Over  the  last  four  years  members  of  the  Group  have  Btriven  to  make  the 
NATO  prescriptions  suitable  as  a basis  for  national  regulations  on  the  storage 
of  explosives  and  NATO  countries  have  been  invited  formally  to  adopt  them  in 
whole  or  in  part.  The  majority  of  participants  has  now  committed  itself  to 
adoption.  The  most  important  single  factor  which  achieved  this  was  the  decision 
to  incorporate  the  UN  system  of  classil  .cation  in  the  manuals. 

THE  UN  CLASSIFICATION  SYSTEM 

12.  The  UN  system  of  classification  of  dangerous  goods,  for  purposes  of 
control  during  normal  transportation,  divides  and  lists  them  in  nine  classes: 
explosives,  gases,  inflammable  liquids,  inflammable  solids,  oxidising 
substances,  poisons  and  infectious  substances,  radioactive  materials,  corro- 
sives, and  finally  miscellaneous  dangerous  substances  not  otherwise  specified. 
Each  class  .is  further  divided  and  items  are  grouped  as  necessary  to  provide 

a framework  for  national  and  international  regulations. 

13.  A key  feature  of  any  successful  system  of  classification  is  that  the 
substances  should  be  specified  at  an  appropriate  level  of  detail.  If  they 
are  specified  in  too  minute  detail,  the  system  becomes  unworkable  through  a 
plethora  of  cub-divisions,  sub-sub-divisions  and  groups.  If  on  the  other 
hand  the  system  is  too  general,  then  it  cannot  be  used  to  discriminate  among 
significantly  different  substances. 

14.  Figure  4 shows  the  level  at  whi  ih  substances  and  articles  are  specified 

in  the  UN  system  for  explosives.  It  is  emphasised  that  this  level  is  appropri- 
ate for  normal  transportation  but  fur.'  ^r  information  may  well  be  necessary  for 
clearing  up  operations  after  an  accident.  For  this  reason  the  UN  system  may 
be  complemented  by,  or  be  incorporated  into,  some  international,  system  of 
marking  or  placarding  such  as  the  "Hazardous  Information  System",  "Hazardous 
Chemicals  System"  etc.  These  systems  are  under  active  consideration  at  the 
UN  at  the  moment  but  they  are  different  in  purpose. 

15.  Figure  5 shows  the  four  divisions  into  which  Class  1 is  divided.  A 
fifth  division  is  under  consideration  for  slurry  explosives  and  others  which 
do  have  a mass  explosion  hazard  but  whose  sensitiveness  is  so  low  that  the 
probability  of  initiation  during  transport  is  very  small.  The  aim  is  to 
specify  the  dominant  hazard  once  an  accidental  ignition  or  initiation  has 
occurred  either  through  internal  causes  or,  more  commonly,  through  involvement 
in  an  external  fire.  These  divisions  can  be  made  the  basis  of  a system  of 
Fire  Fighting  classifications  and  this  has  already  been  agreed  in  NATO. 

16»  Compatibility  is  defined  as  the  ability  of  explosives  (packaged  or 
otherwise  as  offered  for  transport)  to  be  stowed  or  carried  together  v/ithout 
increasing  either  the  likelihood  of  an  accident  or,  for  a given  quantity,  the 
consequences  of  an  accident.  Most  nations  have  embodied  some  concept  of 
compatibility  in  their  regulations.  The  UN  Group  has  tried  to  select  the  best 
criteria  without  deviating  too  much  from  simple,  definable  characteristics. 

In  the  past  purely  administrative  factors  have  been  included  as  reasons  for 
additional  groups  in  national  regulations.  The  UN  has  tried  to  minimise  the 
groups . 

17.  Figure  6 is  presented  primarily  for  reference  in  the  Seminar  Minutes. 

There  is  too  much  detail  for  assimilation  on  a screen.  However  this  slide 
does  give  a useful  overall  view  of  the  classification  system.  It  shows  how 
combination  of  the  hazard  division  and  the  compatibility  group  yields  a simple 
Classification  Symbol  such  as  1.1  D.  In  practice  not  all  the  divisions  occur 
in  each  group. 
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18*  Figure  7 presents  the  sane  combination  of  divisions  and  groups  in  a 
different  manner.  This  shows  the  thirty  Classification  Symbols.  At  its  last 
meeting  in  August  1974  the  Group  recommended  the  elimination  of  the  two  sub- 
divisions within  Division  1*4;  they  were  useful  in  1966  before  Compatibility 
Croups  were  devised  but  now  they  are  superfluous.  Safety  explosives  will  be 
given  the  simpler  symbol  1.4  S.  The  chart  indicates  how  Division  1.1  was 
originally  subdivided  to  distinguish  oertain  substances  (l.l  A)  and  articles 
(l.1B,  1.1  E).  This  corresponded  to  the  former  distinction  between  US  DoD 
Quantity-Distance  Classes  9 and  10*  In  both  systems  all  mass  detbnating  items 
are  now  considered  together. 

USE  OF  THE  UN  SYSTEM 

19*  The  intention  of  the  UN  system  for  explosives  is  that  it  should  be 
regarded  as  a broad  framework  of  "building  blocks",  in  standardised  terms, 
to  be  adapted  or  amplified  to  suit  the  requirements  of  particular  users,  be 
they  national  regulatory  bodies  or  international  authorities.  The  NATO  Group 
has  ensured  by  its  input  that  the  system  is  suitable  for  storage  regulations 
too  although  this  is  not  stated  in  the  UN  publications  which  address  them- 
selves only  to  transportation.  There  iB  no  intention  to  foroe  authorities 
to  accept  standard  conditions  of  transportation  (or  storage).  Insofar  as 
there  is  a consensus  of  safety  requirements  for  many  modes  of  transport, 
these  are  given  in  the  Recommendations  but  without  prejudice  to  the  right 
of  the  regulatory  body  to  waive  or  modify  them  as  it  thinks  fit.  As  an 
example.  Compatibility  Group  A has  been  devised  with  the  intention  that  most 
bodies  will  prohibit  transportation  of  primary  explosives  in  bulk.  The  purpose 
of  defining  this  group  is  to  facilitate  Identification  of  the  prohibited  sub- 
stances. 

20.  The  use  of  the  alpha-numeric  Classification  Symbol  will  simplify  problems 
of  language  and  translation,  as  well  as  being  simple  to  communicate  by 
telephone  and  to  insert  on  labels  and  shipping  papers.  It  is  hoped  that 
current  requirements  for  long  teohnical  nameB  may  eventually  disappear  in 
favour  of  this  simple  Classification  Code.  It  is  a key  feature  of  the  IMCO 
explosives  label  and  the  new  label  for  British  military  explosives,  to  be 
introduced  from  mid-1976  (Figure  8). 

IMPLEMENTATION  OF  THE  UN  SYSTEM 

21.  IMCO  adopted  the  UN  Recommendations  in  its  own  Code  for  the  safe  carriage 
of  explosives  in  ships  in  1971*  Many  useful  criticisms  were  fed  back  to  the 
UN  Group  and  were  incorporated  in  the  1973  Supplement.  Many  nations  have 
already  based  their  national  regulations  for  shipB  on  the  IMCO  Code.  In  the 
Federal  Republic  of  Germany  this  is  now  in  force,  despite  certain  minor  prob- 
lems of  translation  from  the  original  English  and  French  texts  of  IMCO.  The 
UK  regulations  are  broadly  in  line  with  the  IMCO  Code  but  implementation  of 
the  fine  detail  awaits  the  revised  IMCO  edition  now  in  draft,  which  includes 
the  improvements  in  the  1973  UN  Supplement.  France  has  indicated  its  commit- 
ment to  adopt  the  UN  system  in  the  near  future.  Canada  appears  to  have 
decided  to  follow  the  IMCO  Code  on  its  waterfronts. 

22.  The  NATO  Group  adopted  the  UN  system  in  1972  for  its  storage  manual  and 
for  subsequent  manuals  on  transportation.  This  innovation  has  greatly 
increased  the  appeal  of  the  NATO  Recommendations  which  have  been  requested 
by  several  countries  outside  the  Treaty  Organisation  (Austria,  Australia, 

India,  Switzerland). 
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23.  Figure  9 is  a flow  chart  used  for  planning  the  changeover  to  the 

UN  system  in  the  UK.  There  is  a firm  commitment  now,  with  a target  of  mid- 
1976.  Revision  of  statutory  regulations  and  printing  of  labels  (Figure  8) 
is  well  under  way.  The  aim  is  to  phase  the  change  in  accordance  with  the 
revised  IKCO  and  revised  NATO  Storage  Recommendations,  both  due  in  1975*  If 
these  publications  are  delayed  then  the  mid-1976  target  might  slip  to  1977* 

24.  The  UN  Recommendations  on  labelling  seem  to  have  been  well  received 
everywhere.  Most  transport  authorities  now  incorporate  the  basic  features 
in  their  own  m'uidatory  labels  even  though  they  don't  yet  use  the  whole  of 
the  UN  system  of  classification.  The  US  labels  introduced  from  January  1, 

1974  are  basically  in  line  with  the  UN  Recommendations  although  the  old  ICC 
Class  (A,  B or  C)  has  been  maintained,  presumably  as  a temporary  compromise 
to  facilitate  recognition.  Conversion  will  be  easier  in  the  US  (Figure  10, 

Vi)  than  in  the  UK  (Figure  12). 

CONCLUSION:  IT'S  TIME  THE  USA  DECLARED  ITS  INTENTIONS 

25.  At  thiB  point  you  will  realise  that  the  paper  is  aimed  at  propaganda. 

After  so  many  declarations  of  intent  and  firm  commitments  by  various  nations, 
the  question  is  being  asked  frequently:  "What  is  the  USA  doing  about  adoption 
of  the  UN  system  of  classification  of  explosives?" 

26.  There  are  major  economies  to  be  gained  if  everyone  ubob  the  Bame  Bystem 
of  classification,  labelling  and  shipping  papers  world-wide  for  both  military 
and  civil  explosives.  Many  administrative  frustrations  and  inconveniences 
will  disappear.  The  use  of  inter-modal  containers  suoh  as  the  US  MILVANS 
highlights  the  absurdity  of  having  different  classifications  and  labels  for 
different  modes  of  transportation. 

27.  Members  of  the  NATO  and  UN  Groups  are  confident  that  the  US  will  implement 
the  UN  system  in  due  course.  After  all,  it  was  formulated  under  a Chairman 
from  the  Department  of  Transportation,  as  noted  earlieri  It  is  understood 
that  the  Department  of  Defense  set  up  a working  party  which  recommended  baok 

in  July  1972  that  the  Services  should  adopt  the  UN  system  when  the  Department 
of  Transportation  does  so.  There  are  now  rumblings  from  over  the  border  to 
the  North  that  Canada  is  ready  for  the  change,  starting  with  the  IKCO  Code, 
but  obviously  truck  and  railroad  regulations  must  be  co-ordinated  with  those 
South  of  the  border. 

28.  In  a few  years  Mr  Chairman,  you  will  be  out  of  step  with  everyone  else 
if  you  don’t  adopt  the  UN  system  for  explosives.  If  you  can't  beat  us,  will 
you  not  join  us? 
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SUBSTANCES  & ARTICLES 


Figure 


United  Nations  Classification  Code  for  Explosives 


Description  of  substance  or  article 
to  be  classified 


Primary  explosive 


Article  containing  primary  explosive 


Propellant  explosive  or  other  secondary 
deflagrating  explosive  or 
article  containing  such  explosive 


Secondary  detonating  explosive  or  black  powder  or 
article  containing  secondary  detonating  explosive, 
in  each  case  without  its  own  means  of  initiation 
and  without  a propulsive  charge 


Article  containing  secondary  detonating  explosive, 
without  its  own  means  of  initiation,  with  a 
propulsive  charge 


Article  containing  secondary  detonating  explosive, 
with  its  own  means  of  initiation, 
with  or  without  a propulsive  charge 


Pyrotechnic  substance,  or  article  containing 
pyrotechnic  substance,  or  article  containing 
both  an  explosive  and  an  illuminating,  incendiary, 
lachrymatory  or  smoke- producing  substance  (other 
than  a water- activated  article  or  one  containing 
white  phosphorus,  phosphide  or  flammable  liquid 
or  gel) 


Article  containing  both  an  explosive  and  white 
phosphorus 


Article  containing  both  an  explosive  and  a 
flammable  liquid  or  gel 


Article  containing  both  an  explosive  and  a 
toxic  chemical  agent 


Article  containing  explosive  and  presenting  a 
special  risk  needing  isolation  of  each  type 


Compat-  Classifi- 
ibility  cation 
Group  Code 


Package  of  explosive  or  article  containing 
explosive,  so  packed  or  designed  that  any 
explosive  effect  during  storage  or  transport 
is  confined  within  the  package  or  article 


UN  Transport  Classifications 


Figure 


OUTLINE  INTRODUCTION  OF  UN  GLASSIFICATION 


THE  EXPLOSIVES  ''TT.  1875.  MAY  BE  REVISED 
WITHIN  THE  TIMEjCALE  ENVISAGED  ABOVE. 


NATO  Storage  and  UN  Transport  Classifications 


NATO  Storage  and  UN  Transport  Classifications 


Figure  11 


AN  OVERVIEW  OF  THE  SUPPRESSIVE  SHIELDING  PROGRAM 


PAST  TWO  AND  A HALF  YEARS/  BUT  WE  WILL  CONCERN  OURSELVES  WITH  OUR  ACCOMPLISH- 


SEVEN  POUNDS, 


LEARNING  CURVE  LOOKED  SOMETHING  LIKE  THIS. 


CURRENTLY  UNDERWAY  IN  THE  FOLLOWING  CATEGORIES  OF  STRUCTURES. 
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In  this  connection,  we  are  designing  the  structures  to  survive  one  maximum 


TESTED  AND  APPROVED  FOR  CONVENTIONAL  HARDENED  STRUCTURES/  IF  DESIRED/  ALTHOUGH 


TION  BOTH  WITHIN  OPERATING  BAYS  (PALLET  CONFIGURATIONS)  AND  IN  STORAGE/TRANS- 
PORTAT ION  APPLICATIONS, 


IN  THE  PHOTOS  TO  FOLLOW  THE  PERFORATED  LINES  OR  SLEEVES  WILL  BE  OF  1/16"  OR 
3/32"  THICKNESS,  SEPARATED  FROM  EACH  OTHER  BY  SPACERS  OF  APPROXIMATELY  3/8" 


EXPECTED  TO  REDUCE  THE  WEIGHT  PENALTY  FURTHER. 
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FIREBALL  BALLISTIC  FRAGMENT  DANGER 
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NAVY  EOD 
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CHARGE  SIZE  - 3#  HE  '3AREI 


OUTER  WEATHER 


CHEMICAL  AMMUNITION  DISPOSAL  SYSTEM  (CAMDS)  TEST  PROTOTYPE 


L> 


81MIVI 

CAPACITY  - (6)  81  MM  PROJECTILES 


SUPPRESSIVE  SHIELDING  PROGRAM 


KMT  PROJECT  1264 
SUPPRESSIVE  SHIELDING  PROGRAM 
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STANDARD  PALLET  AND  TRANSPORTABLE  SHIELD 


BENSON,  ARIZONA  RAILROAD  EXPLOSIVES  ACCIDENT 


Mr,  H.  H.  Wakeland 

Bureau  of  Surface  Transportation  Safety 
Department  of  Transportation 
Washington,  D.  C. 

Mr.  Henry  H.  Wakeland,  Director,  Bureau  of  Surface  Transportation  Safety, 
National  Transportation  Safety  Board,  presented  a summary  of  the  investi- 
gation made  by  NTSB  into  the  cause  and  effects  of  the  rail  accident  that 
occurred  at  Benson,  Arizona,  24  May  1973.  The  complete  report  on  the  DOT 
investigation  is  in  the  process  of  being  published  and  a copy  will  be  sent 
to  the  attendees  of  the  seminar. 
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NONUNEAR  DYNAMIC  RESPONSE  OF  MAGAZINE  HEADWALLS 

Damoder  P.  Reddy 
Hsueh-Sheng  Ts'ao 
Ross  V.  Dowdy 

Agbabian  Associates 
El  Segundo,  California 


INTRODUCTION 

The  Department  of  Defense  Explosives  Safety  Board  (DDESB)  has  been 
conducting  a general  program  to  determine  safe  intermagazine  separation  dis- 
tances for  various  orientations  of  magazines  storing  chemical  explosives. 

The  main  objective  of  the  program  is  to  recommend  minimum  intermagazine 
separation  distances  so  that  an  explosion  in  one  magazine  (donor)  will  not 
cause  an  explosion  in  an  adjacent  magazine  (acceptor). 

Preliminary  tests  had  indicated  that  specifications  for  minimum 

separation  distances  between  magazines  were  excessively  conservative  for  some 

orientations.  Increasing  land  costs  and  siting  problems  made  it  desirable  to 

justify  reducing  the  f ront-to- rear  separation  distance.  Earlier  tests  had 

indicated  that  earth-covered,  steel-arch  igloo  magazines  can  be  safely  spaced 

1/3 

side-to-side  at  a distance  in  feet  of  1.25W  , in  which  W is  the  weight  in 

pounds  of  the  high  explosives  in  storage.  On  the  other  hand,  very  little 
test  data  had  been  developed  for  determining  the  minimum  safe  distances  for 
other  magazine  orientations. 

In  1971,  the  DDESB  sponsored  a large-scale  magazine  explosion  exper- 
iment called  Eskimo  I for  the  purpose  of  establishing  minimum  separation  dis- 
tances for  face-on  exposures  of  earth-covered,  steel-arch  magazines  (Refer- 
ence 1).  Results  of  Eskimo  I indicated  that  significant  reduction  of  the 
formerly  applicable  face-to-rear  and  face-to-side  intermagazine  separation 
distances  would  be  permissible. 


Preceding  page  blank 
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BRIEF  DESCRIPTION  OF  ESKIMO  I TEST 


The  Eskimo  I test  was  conducted  on  December  8,  1971,  at  the  Rands- 
burg  Wash  Test  Range  of  the  Naval  Weapons  Center,  China  Lake,  California. 

Four  earth-covered,  steel-arch  magazines  were  exposed  in  the  test  to  the  ex- 
plosion of  the  contents  of  a similar  magazine.  The  donor  magazine  contained 
200,000  pounds  of  high  explosives.  The  four  acceptor  igloos  faced  the  donor 
and  were  located  at  various  distances  ranging  from  73  ft  and  1 6 1 ft,  as  shown 

in  Figure  1.  The  distances  73  ft  and  161  ft  correspond  to  1.25W  J and 
1/3 

2.75  W , respectively,  where  W is  the  weight  in  pounds  of  the  explosive 
in  the  donor  magazine.  Two  concrete  block  structures  simulating  one  partic- 
ular type  of  Air  Force  aboveground  magazine  were  also  placed  in  the  area  at 
distances  of  117  ft  (2  W^  from  the  donor  igloo  as  shown  in  Figure  1. 

Each  of  the  four  acceptor  igloos  was  25  ft  wide  by  1*4  ft  high, 
with  their  length  limited  to  20  ft.  Steel  wing  walls  were  used  in  the  test 
in  lieu  of  concrete.  The  igloos  were  covered  by  a 90  percent  compacted 
earth  surcharge  to  a depth  of  2 ft  at  the  top  of  the  steel -arch,  as  shown  in 
Figure  2. 


The  damage  to  structures  varied  from  minor  headwall  damage  at  the 
south  igloo  to  complete  destruction  of  the  concrete  block  structures.  The 
status  of  the  acceptor  charges  after  the  test  indicated  a range  from  no  explo 
sion  or  burning  in  the  south  igloo  to  complete  explosion  or  detonation  of 
all  charges  in  the  east  igloo. 

Permanent  deflections  of  the  order  of  several  inches,  accompanied 
by  yield-line  formation,  were  noted  in  some  of  the  surviving  headwalls.  On 
the  other  hand,  photographic  evidence  Indicated  that  the  steel  plate  doors 
in  two  igloos  were  driven  in  with  considerable  velocity  before  coming  to  rest 
while  remaining  partially  attached  to  frames.  In  the  forward  exposure, 
complete  failure  of  the  hinges  occurred,  and  the  doors  were  driven  violently 
against  the  rear  wall  of  that  magazine. 
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ACCEPTOR 

CONCRETE  BLOCK  STRUCTURE 


FINITE  ELEMENT  ANALYSIS  OF  HEADWALL 


The  finite  element  method  is  an  established  structural  analysis 
technique  that  is  well  documented  (e.g.,  Reference  2).  Basic  to  the  method 
is  the  preparation  of  a (mathematical  model  of  the  structure  to  be  analyzed. 

The  mathematical  model  is  constructed  by  an  assembly  of  individual  elements 
such  as  beams,  plates  and  membranes.  The  dynamic  properties  (such  as  the  mass 
and  stiffness)  of  the  individual  elements  can  be  obtained  easily.  The  mass 
and  stiffness  properties  of  the  individual  finite  elements  are  appropriately 
added  together  to  obtain  the  total  mass  and  stiffness  characteristics  of  the 
complex  structure  to  be  analyzed.  The  individual  finite  elements  interconnect 
at  the  joints  or  nodes. 

MATHEMATICAL  MODEL  OF  HEADWALL 


Although  the  magazine  is  supported  in  front  by  a headwall  and  two 
wingwalls,  the  wingwalls  are  not  considered  in  the  analysis.  The  effect  is 
to  neglect  shear  transfer  from  the  wingwalls  to  the  headwall.  The  transverse 
shear  can  be  estimated  by  considering  a strip  of  wingwall  and  headwall  resting 
on  the  clastic  foundation  represented  by  the  soil.  The  order  of  magnitude  of 
this  transverse  shear  is  found  to  be  very  small  in  comparison  to  the  expected 
maximum  shear  in  the  headwall  (Reference  3)  and  therefore  justifies  the  exclu- 
sion of  the  wingwalls  from  the  moddl. 

Ideally,  the  dimensions  of  individual  elements  should  be  made  as 
small  as  possible  so  that  the  resulting  finite  element  hiodel  accurately  rep- 
resents the  headwall.  The  selection  of  small  size  elements  results  in  a 
model  with  a large  number  of  elements.  The  computational  effort  Increases 
with  the  increasing  number  of  elements.  Thus  to  keep  the  cost  of  computations 
to  a minimum  the  total  number  of  elements  in  a model  must  be  limited.  The 
pressure  loading  on  the  headwalls  measured  during  the  test  indicated  signif- 
icant frequency  content  up  to  about  1000Hz.  Therefore,  the  mathematical  inoc1  ; 1 
of  the  headwall  is  designed  to  respond  to  all  significant  fiequencies  in  the 
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pressure  loading.  The  final  mathematical  model  of  the  headwal)  is  shown  in 
Figure  3.  Only  one-half  of  the  headwal 1 is  modeled  since  the  headwall  and 
the  pressure  loading  are  symmetrical  about  the  centerline.  The  finite  element 
mesh  consists  of  66  nodes  and  51  plate  elements. 

The  steel  door  consists  of  a 3/8  in.  plate  supported  by  channels 
and  stiffeners.  The  door  is  represented  in  the  model  by  plates  of  uniform 
thickness  possessing  the  same  stiffness  as  the  door. 

The  soil  covering  the  arch  provides  significant  resistance  to  the 
headwall  when  the  wall  is  subjected  to  normal  loads.  This  resistance  is 
normally  taken  into  account  in  the  calculations  by  representing  the  soil 
either  by  equivalent  spring-mass  or  dashpot  (damping)  elements.  On  the 
basis  of  the  results  from  auxiliary  analyses  using  simpler  models  (Reference  3), 
it  is  decided  to  represent  the  soil  by  a series  of  dashpots  with  their 
coefficients  equal  to  pc,  where  p and  c are  the  mass  density  and  the 
pressure  wave  velocity  of  the. soil  medium,  respectively. 

Each  steel  door  is  connected  to  the  concrete  headwall  by  three 
hinges.  The  hinges  permit  the  transfer  of  transverse  shear  forces  but  no 
bending  moments  between  the  door  and  headwall.  The  static  condensation 
technique  (Reference  3)  is  employed  to  Introduce  these  hinges  into  the  model. 

BLAST  PRESSURE  LOADING  ON  MAGAZINE  HEADWALL.S  AND  DOORS 


M 


1 

:*! 
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Alr-biast  overpressure  data  from  the  Eskimo  I (Reference  1)  and  UK 
71  Magazine  Separation  Tests  (References  4-7)  were  reviewed  to  establish 
blast  pressure  loading  histories  for  the  use  in  the  dynamic  analysis  of  the 
headwall  and  door.  Because  of  the  very  brief  presentation  of  Klstler  gage 
blast  pressure  data  from  Eskimo  I (Reference  1),  consideration  was  also  given 
to  theoretical  and  empirical  estimates  of  peak  blast  overpressure  and 
reflected  overpressure  pulse  shapes  (References  8 and  9). 


m 


Since  the  pressure  histories  developed  are  to  be  used  in  computa- 
tional simulations  of  the  Eskimo  I event,  primary  reliance  for  peak  reflec- 
ted pressure  amplitudes,  durations,  and  impulse  values  was  placed  on  the 
Eskimo  I test  data.  Corrections  were  introduced,  however,  to  account  for 
differences  between  head-on  pressures  measured  at  the  headwall  and  side-on 
reflected  pressures  measured  in  front  of  the  headwall. 

The  blast  loading  pressure  histories  adopted  for  use  in  the  finite 
element  calculations  are  shown  in  Figures  4,  5>  and  6.  Since  the  experimen- 
tally measured  blast  loading  conditions  at  the  south  and  west  igloos  are  nearly 
equal,  a single  loading  pulse  has  been  adopted  for  these  two  cases.  Three 
loading  pressure  histories  are  indicated  in  each  figure.  They  represent  load- 
ing histories  for  the  three  headwall  zones  indicated  in  Figure  J and  differ 
only  during  the  unloading  phase  of  the  pressure  history,.  The  differences 
reflect  the  influence  of  unloading  signals  propagating  downward  from  the 
top  of  the  headwall.  All  of  the  pressure  histories  incorporate  a 1-msec 
rise-time  ramp  front  for  compatibility  with  the  integration  time  step. 

A summary  comparison  of  the  measured  data  and  the  proposed  loading 
pulses  is  given  in  Table  1.  It  is  seen  that  the  peak  pressures  proposed  are 
consistently  greater  than  the  measured  values. 

ANALYSIS  TECHNIQUES 


The  dynamic  analyses  using  the  finite  element  model  of  the  headwall 
are  performed  using  the  INSLAB  program  (Reference  3).  INSLAB  is  a dynamic, 
nonlinear  finite  element  program  in  which  the  force  equilibrium  equations  at 
any  time  are  expressed  as: 

[M]{Xr}  + [C]  {Xt } + [K]  {X t } =»  {Pt} 
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TABLE  1.  COMPARISON  OF  HEADWALL  BLAST  PRESSURES  FOR  ESKIMO 


FIGURE  5-  PRESSURE  TIME-HISTORY  FOR  NORTH  IGLOO 


in  which  {X  } , {X^ } , {X t } are  .:he  nodal  displacement,  velocity  and  accelera- 
tion vectors  at  time  t; ; [H] , [C]  , [K]  are  the  mass,  damping  and  stiffness 
matrices;  and  {P  } is  the  nodal  point  force  vector  at  time  t.  For  linearly 
elastic  problems  the  mass,  damping  and  stiffness  matrices  in  Equation  (l)  re- 
main constant  so  that  they  are  evaluated  only  once. 

The  Eskimo  1 test  data  showed  that  all  headwalls  and  doors  in  the 
test  experienced  large  permanent  deflections.  This  suggests  that  the  analysis 
must  consider  the  yielding  of  the  headwall  and  door.  To  accomplish  this,  a 
bilinear  moment  - curvature  relationship  (Fig.  8}  is  assumed  for  the  head- 
wal 1 and  door. 

The  I N S LA 3 Code  solves  the  nonlinear  equations  of  motion  (Eq.  l)  by 
a step-by-step  numerical  integration  procedure  that  assumes  a constant  accel- 
eration between  successive  time  increments  (Fig.  9).  Further  details  on  the 
numerical  integration  procedure  may  be  found  in  Reference  3. 

ANALYSIS  RESULTS 


Three  different  analyses  representing  the  donor  magazines  in  the 
Eskimo  I test  are  performed.  Since  the  south  and  west  igloos  were  exposed 
to  the  same  blast  pressure,  only  one  analysis  is  necessary  for  these  two 
igloos.  The  same  finite  element  mesh  of  Figure  3 is  used  in  rail  three 
ana  lyses . 


RESPONSE  OF  SOUTH  AND  WEST  IGLOOS 


As  mentioned  above,  one  analysis  represents  the  south  and  west 
igloos.  The  assumed  pressure  loading  for  this  case  is  shown  in  Figure  4.  The 
displacement,  velocity  and  acceleration  time  histories  are  computed  at  sev- 
eral nodes  of  the  model.  Figure  10  shows  motions  at  node  31  that  corresponds 
to  the  top  corner  of  the  door.  The  displacement  time  histories  for  nodes  7, 
16,  33,  47,  49  and  54  are  shown  in  Figure  11.  The  displacements  at  these 


156 


FOR  CONSTANT  ACCELERATION  METHOD: 
x(t)  * xt.At  + 

*(t)  • Vm  ♦ Mv.v.  ♦ *t)  " 

x(t)  ■ Vit  * Vm  fit  4 T~  (*t  - ‘‘fit) 


FIGURE  9.  CONSTANT  ACCELERATION  METHOD 


nodes  are  seen  to  be  building  up  rapidly  initially  and  then  leveling  off  at 
late  times  at  values  ranging  from  about  5 in.  to  10  in.  The  displacements 
at  late  times  represent  permanent  displacements.  In  addition  to  the  motion 
time  histories  at  each  node  the  INSLAB  Code  also  provides  contour  plots  of 
responses  at  selected  intervals  of  time.  Figure  12  shows  the  displacement 
contour  plot  of  South  headwall  at  *47. *4  msec. 


RESPONSE  OF  NORTH  IGLOO 


The  displacement  time  histories  at  nodes  7,  16,  33,  **7.  *49  and  5** 
for  the  north  igloo  are  shown  in  Figure  13.  Since  the  input  blast  pressures 
in  this  case  are  more  severe  than  those  of  the  south  igloo,  the  responses 
are,  in  general,  greater  in  magnitude.  The  displacement  at  the  center  of 
the  door  rises  to  26  in.,  then  drops  off  rapidly,  and  finally  oscillates  at 
around  the  10-in.  level, 

RESPONSE  OF  EAST  i ui_00 


The  displacement  time  histories  at  nodes  7,  16,  33,  *47,  **9  and  5*1 
for  the  east  igloo,  shown  in  Figure  1*4,  indicate  that  the  east  igloo  in 
general  experiences  larger  magnitudes  of  displacements  than  the  north  igloo. 
Although  the  peak  pressure  is  almost  two  times  greater  (525  vs.  300),  the 
duration  of  the  high  pressure  pulse  for  the  east  igloo  is  only  about  half 
as  long  as  that  for  the  north  igloo.  Thus  the  impulses,  defined  as  the 
areas  under  the  input  pressure  time  histories,  on  the  north  and  east  igloos 
are  about  the  same.  Figure  15  shows  the  displacement,  velocity  and  acceler- 
ation time  histories  at  node  28,  which  corresponds  to  a location  along  the 
arch  line. 


All  the  time  history  plots  shown  were  terminated  at  about  *40  msec, 
although  the  calculations  were  performed  up  to  about  100  msec.  After  about 
35  msec,  all  the  time  histories  exhibited  (Fig.  15)  unstable  oscillations 
not  experienced  in  the  previous  calculations  for  the  north  and  <*outh  igloos. 
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FIGURE  12.  DISPLACEMENT  CONTOUR  PLOT  OF  SOUTH  IGLOO 
AT  t - ^7,4  MSEC 
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The  displacements  of  the  doorways  are  observed  to  oe  as  high  as  28  in. 
(Fig.  I4e),  which  indicates  that  the  doors  have  been  already  blown  open. 
Furthermore,  the  extent  of  damage  caused  by  the  blast  was  masked  by  the 

7 

1 subsequent  detonation  of  the  acceptor  charges  within  the  igloo  in  the 

actual  test,  so  the  comparisons  of  the  field  data  with  the  computed 
response  of  the  headwali  will  not  be  meaningful. 

\ 
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COMPARISON  OF  ANALYTICAL  RESULTS  AND  FIELD  MEASUREMENTS 


Three  types  of  field  measurements  were  made  in  the  Eskimo  I test. 
These  include,  linear  motion  transducer  data,  accelerometer  data,  and  static 
headwall  measurements. 

LINEAR  MOTION  TRANSDUCER  DATA 

The  linear  motion  transducers  are  positioned  above  the  center  of 
the  igloo  doorways  to  measure  movement  of  the  concrete  headwalls  of  the  north, 
east,  and  south  igloos.  The  maximum  values  listed  in  Table  2 were  derived 
from  the  recorded  data.  Listed  ir  Table  3 are  the  corresponding  values 
obtained  from  the  finite  element  calculations.  These  values  were  taken  at 
node  33  (Fig.  3),  which  corresponds  to  the  actual  point  on  the  headwall 
where  measurements  were  recorded. 


TABLE  2.  SUMMARY  OF  LINEAR  MOTION  TRANSDUCER  DATA 


Location  of 
Headwal 1 
T ransducer 

Max . 

Veloci ty , 
f t/ sec 

Av,  Velocity 
from  Initial 
Motion  to  Peak 
Excurs ion , 
ft/sec 

Time  from  Initial 
Motion  to  Max. 
Velocity,  ms 

Av.  Acceleration 
f rom  Ini t i a 1 
Motion  to  Max. 
Velocity,  g 

North  Igloo 

29.8 

20.0 

8.1 

m 

East  Igloo 

29.5 

18.5 

8.0 

iu 

South  Igloo 

27.9 

13.3 

60 

I 


TABLE  3.  MOTIONS  FROM  THE  MATHEMATICAL  MODEL 


Headwa 1 1 

| 

Max, 

Velocity, 

ft/sec 

Av . Ve 1 oc i ty 
f rom  Initial 
Motion  to  Peak 
Excurs ion , 
f t/sec 

Time  from  Initial 
Motion  to  Max. 
Velocity,  ms 

Av.  Acceleration 
from  Initial 
Motion  to  Max, 
Velocity,  g 

North  Igloo 

hi. 2 

28.3 

6.8 

259 

East  Igloo 

1)9.1 

36.5 

5.8 

285 

South  Igloo 

20 

11.7 

l 

11,2 

60 

A direct  compa.  ison  of  Tables  2 and  3 shows  that  the  average  accelera- 
tions of  the  south  igloo  give  the  best  correlation.  The  ratios  of  the  computed 
to  the  measured  results  are  summarized  in  Table  1).  The  table  also  provides  the 
ratios  of  the  measured  peak  pressures  and  those  used  in  the  analysis. 


TABLE  h.  RATIOS  OF  THE  ANALYTICAL  AND  THE  MEASURED  RESULTS 


Headwa 1 1 

Peak 

Pressure 

Average 
Acce 1 era t ion 

Averaye 
Ve loci ty 

Mi 

1 ,95 

0.88 


Maximum 
Ve loci ty 


North  Igloo 
East  Igloo 
South  Igloo 


1 .26 
2.10 
0.99 


2.27 
2.50 
1 .08 


Ml 

1 , c6 
0,7- 


STATIC  HEADWALL  MEASUREMENT 


Static  measurements  were  made  in  the  Eskimo  I test  by  setting  up 
survey  monuments  3 ft  in  front  of  the  igloo  headwalls.  The  distances  from 
the  monuments  to  the  headwalls  were  measured  at  selected  points  before  the 
test.  These  distances  were  again  measured  after  the  test.  The  net  changes 
in  displacements  represented  the  permanent  displacements  of  the  headwalls. 

A gap  of  approximately  0.2  ft  was  found  between  the  back  of  the  south  head- 
wall  and  the  earth  cover  at  the  top  left  corner,  and  a similar  space  of 
0.1  ft  wide  was  found  at  the  top  right  corner.  This  demonstrates  that  the 
static  measurements  are  not  the  maximum  displacements  but  are  the  permanent 
movements  of  the  headwall.  These  permanent  displacements  of  the  headwalls 
are  shown  in  Figures  16  through  18  (Reference  1).  All  the  measurements  are 
subject  to  jt0.05  ft  of  error  because  pretest  measurements  showed  that  the 
walls  deviated  from  a true  vertical  plane  by  that  amount.  The  measured  dis- 
placement patterns  indicate  that  the  different  headwalls  appear  to  have  re- 
sponded in  different  ways.  More  pronounced  yielding  of  the  steel  arch  was 
found  in  the  south  igloo.  In  the  west  igloo,  there  was  clear  indication 
that  the  steel  arch  acted  as  a reaction  line  resisting  headwall  movement. 

The  difference  in  the  observed  data,  therefore,  implies  that  material  prop- 
erties in  the  two  igloos  are  not  the  sane.  As  mentioned  before,  the  same 
finite  element  model  is  used  to  predict  the  responses  of  the  south  and  west 
igloos.  The  assumed  material  properties  of  the  model  would  therefore  seem 
to  represent  characteristics  that  are  a compromise  between  the  actual  prop- 
erties of  the  south  igloo  and  those  of  the  west  igloo. 

The  predicted  permanent  displacement  contours  from  the  INSLAB  cal- 
culations for  the  south  igloo  were  selected  at  the  end  of  the  numerical  com- 
putation (t  * 116.4  msec)  and  are  shown  in  Figure  19.  The  general  patterns 
ore  similar  to  measurements  of  the  south  igloo.  However,  computed  contour 
lines  indicate  that  all  the  points  on  the  south  and  west  headwalls  move  away 
from  the  donor  magazine,  and  thus  no  lines  of  zero  displacement  exist.  This 
appears  to  be  consistent  with  actual  measurements  found  for  the  west  igloo. 
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FIGURE  16.  MOVEMENT  OF  HEADWALL  OF  NORTH  ACCEPTOR  IGLOO 

A plus  value  shows  movement  away  from  the  donor 
magazine;  a minus  value  shows  movement  toward. 
The  units  are  in  hundredths  of  feet. 


FIGURE  17.  MOVEMENT  OF  HEADWALL  OF  SOUTH  ACCEPTOR  IGLOO 

A plus  value  shows  movement  away  from  the  donor 
magazine;  a minus  value  shows  movement  toward. 
The  units  are  in  hundredths  of  feet. 
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In  both  igloos,  the  measured  displacements  are  smaller  than  the  computed  dis- 
placement values. 

The  computed  permanent  displacements  of  the  headwall  of  the  north 
igloo,  shown  in  Figure  20,  produce  contour  patterns  quite  different  from  the 
measured  displacements  (Fig.  16). 

The  qualitative  similarities  between  Figures  17  and  19  suggest 
that  the  rigid  body  rotation  about  the  floor  level  is  about  the  same  in  both 
cases.  Therefore,  a more  favorable  comparison  will  result  in  this  case  If 
the  rigid  body  translations  (normal  to  the  headwall)  are  neglected  in  each. 
The  elimination  of  the  rigid  body  components,  in  any  case,  does  not  influence 
computed  stresses  in  the  headwall. 


ACCELEROMETER  DATA 


The  accelerometers  were  installed  on  the  center  lines  of  the  igloo 
floors  near  the  front.  Both  vertical  and  horizontal  motions  were  recorded. 
Only  the  horizontal  component  is  listed  here  (Table  5)  for  comparison.  The 
corresponding  accelerations  computed  at  node  65  of  the  mathematical  model  are 
shown  in  Table  6. 

TABLE  5.  HORIZONTAL  COMPONENTS  OF  ACCELEROMETER  DATA 


Location  of 
Accel erometer 

Maximum 

Acceleration 

9 

Approximate  Frequency 
of  Accelerations 
Hz 

North  Igloo 

10.3 

O 

CTv 

-3* 

East  Igloo 

33.0 

5^5 

South  Igloo 

6.3 

500 

W6st  Igloo 

5.5 

533 
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TABLE  6.  MAXIMUM  ACCELERATIONS  OF  THE  MATHEMATICAL  MODEL  (NODE  65) 


Headwa 1 1 

“1 

Maximum 

Acceleration 

9 

Approximate  Frequency 
of  Accelerations 
Hz 

North  Igloo 

m 

500 

East  Igloo 

8^6 

500 

South  & West  Igloos 

1 21 

500 

The  maximum  accelerations  between  the  computed  and  the  measured  data 
are  quite  different.  These  differences  indicate  that  the  stiffness  of  the 
floor  slab  used  in  the  finite  element  analysis  is  much  smaller  than  its  actual 
value. 


MOTION  PICTURE  PHOTOGRAPHY 


In  the  Eskimo  I Magazine  Separation  Test,  motion  picture  cameras 
were  installed  in  the  south  and  west  igloos  to  capture  the  motion  of  the  doors 
on  film.  Since  the  camera  setup  was  not  designed  for  measuring  the  door  re- 
sponse, the  estimates  derived  for  the  door  motions  are  considered  to  be  very 
crude.  Two  types  of  data  were  extracted  from  the  movie  fi lm:  one  was  the 

angular  change  of  the  door  of  the  south  igloo;  the  other  was  the  movement 
of  the  two  top  corner  points  on  the  doorways  of  the  south  and  west  igloos. 

The  maximum  angular  change  was  observed  to  be  30°,  using  the  line  of 
the  door  hinges  as  reference.  If  a linear  relationship  is  assumed,  the  maxi- 
mum displacement  at  the  center  of  one  door  panel  is  calculated  to  be 

d = 60  x sin  30°  = 30  in. 

ma  x 
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where  the  width  of  the  door  panel  is  taken  as  60  in.  This  value  appears  to  be 
high  in  comparison  to  either  the  calculations  or  the  measured  permanent  deflec- 


ti ons . 


The  maximum  displacements  on  the  corner  points  of  doorways  were 
measured  to  be  A. 8 in.  +1.2  in.  for  the  south  igloo,  and  3.36  +1.2  in.  for 
the  west  igloo.  The  order  of  magnitude  of  these  vaiues  is  in  the  same  order 
as  those  from  the  calculations  (Table  7)  or  those  of  the  measured  permanent 
deflections  (Figs.  17  and  18). 


The  maximum  velocities  measured  at  the  same  locations  as  the  dis- 
placements are  32.5  ft/sec  for  the  south  igloo  and  20  ft/sec  for  the  west 
igloo.  These  two  values  are  higher  than  the  cofRauter  result  of  16.5  ft/sec, 
as  shown  in  Table  7. 


TABLE  7.  COMPARISON  OF  ANALYTICAL  RESULTS  WITH 
THE  MOTION  PICTURE  DATA 


Igloo 
Locat i on 


Maximum  Center 
displacement  of 
door  (inch) 


Maximum  Corner 
d* sp lacement  of 
door  (inch) 


Maximum  Corner 
velocity  of  door 
(ft/sec) 


Experi-  Calcu-  Experi-  j Calcu-  Experi-  Calcu- 

ment  lations  ment  1 lations  ment  iations 


30  in.  10.6  in.  4.8±1.2  5.8 


10.6  in.  3.k±).2  5.8 


CONCLUSIONS 


In  this  study,  the  dynamic  analyses  of  a headwall  subjected  to 
different  explosive  loadings  are  performed  using  the  finite  element  method. 
The  computed  results  are  compared  with  the  available  data  from  the  Eskimo  I 
test'.  The  following  is  a summary  of  the  important  conclusions  of  the  study: 

a.  As  part  of  a general  program  sponsored  by  the  Department  of 
Defense  Explosives  Safety  Board,  the  present  study  is  a 
relatively  successful  attempt  to  predict  the  response  of  mag- 
azine headwalls  using  INSLAB,  a nonlinear,  dynamic  finite 
element  computer  program. 

b.  The  measured  values  of  the  maximum  velocities  and  accelera- 
tions in  the  south  igloo  are  in  good  agreement  with  the  cal- 
culated results. 

c.  The  computed  values  of  the  maximum  velocities  and  accelerations 
in  tiie  east  and  north  igloos  are  found  to  be  consistently 
greater  than  the  measured  values.  The  distribution  of  the  per- 
manent displacements  as  computed  are  also  significantly  dif- 
ferent from  those  measured. 


177 


REFERENCES 


Weals,  F.  H.  ESKIMO  I Magazine  Separation  Testy  NWC  TP  5^30  . China 
Lake,  Ca.:  Naval  Weapons  Center,  April  1973. 

Zienkiewicz,  0.  C.,  and  Chung,  V.  K.  The  Finite  Element  Method  in 
Structural  and  Continuum  Mechanics  * New  York:  McGraw-Hill,  1967. 

Ts'ao,  H.  S.;  Reddy,  D.  P.;  and  Dowdy,  R.  D.  Magazine  Headmall  Response 
to  Explosive  Blast , R-7336-328A.  El  Segundo,  Ca.:  Agbabian  Associates, 
January  197^. 

"Proof  and  Experimental  Establishment,  Shoeburyness  Trial  Report,  No. 
SXR/662/013  Trial:  ESTC  3/71  Firings  1 and  2."  Xeroxed.  Essex,  England 
Shoeburyness  Works  Depot,  Dept,  of  the  Environment,  December  1971. 

"Proof  and  Experimental  Establishment,  Shoeburyness  Trial  Report, 

No.  SXR/ 662/0 1 3 Trial:  ESTC  3/71  Firing  3."  Xeroxed.  Essex,  England: 

Shoeburyness  Works  Depot,  Dept,  of  the  Environment,  June  1972. 

"Proof  and  Experimental  Establishment,  Shoeburyness  Trial  Report,  No. 
SXR/662/013  Trial:  ESTC  3/71  Firing  h."  Xeroxed.  Essex,  England: 
Shoeburyness  Works  Depot,  Dept,  of  the  Environment,  September  1972. 

"Proof  and  Experimental  Establishment,  Shoeburyness  Trial  Report, 

No.  SXR/662/013  Trial:  ESTC  3/71  Firing  5."  Xeroxed.  Essex,  England: 
Shoeburyness  Works  Depot,  Dept,  of  the  Environment,  December  1972. 

Brode,  H.  L.  A Review  of  Nuclear  Explosion  Phenomenc  Pertinent  to 
Protective  Construction , R k2k  PR,  Los  Angeles:  Rand  Corporation, 

May  196^. 

Kirjery,  C.  N.  Air  Blast  Parameters  Versus  Distance  for  Hemispherical 
TNT  Surface  Bursts , No.  R!3^,  AD8l  1673.  Aberdeen  Proving  Ground,  Md.  : 
Ballistics  Research  Laboratories,  September  1966. 


173 


ESKIMO  III 


Magazine  Structure  Damage  Observations 
Dr.  T.  A.  Zaker 

Department  of  Defense  Explosives  Safety  Board 


ESKIMO  III,  the  third  in  a series  of  full-scale  tests  of  earth-covered 
magazines  sponsored  by  the  Department  of  Defense  Explosives  Safety  Board, 
was  conducted  at  the  Naval  Weapons  Center,  China  Lake,  California,  on. 

12  June  1574.  Its  main  objective  was  to  expose  a new  earth-covered,  non- 
circular corrugated  steel  arch  magazine  to  explosion  of  an  adjacent 
magazine  at  Lhe  minimum  side-to-side  spacing  now  permitted  by  standards. 

In  addition,  magazine  headwall  and  door  structures  were  tested  at  several 
other  distances  and  orientations  of  interest. 

Target  Magazines 

The  explosion  source  consisted  of  350,000  lb  of  tritonal  in  750-lb  bombs, 
in  a light-gage,  deep-corrugated  steel  arch  magazine  built  to  the  same 
specifications  as  Acceptor  A described  below.  The  layout  of  acceptor 
magazines  is  shown  in  Figure  1.  Several  structures  remained  from 
ESKIMO  II,  the  previous  test  in  the  series,  and  were  rebuilt  as  necessary. 

Acceptor  A,  This  earth-covered  structure  was  built  with  a light-gage, 
deep-corrugated  arch  rather  than  structural  plate,  but  was  otherwise 
identical  to  the  standard  steel  arch  igloo.  In  addition  to  constituting 
a full-scaie  qualification  test  of  the  lightweight  arch  at  the  side-to- 
side  spacing  of  1.25  ft/lb^/^  permitted  by  standards  for  earth-covered 
magazines,  it  furnished  a test  of  the  opinion  that  the  earth  cover  is 
the  most  important  factor  in  preventing  explosion  communication. 

Acceptor  b.  The  main  objective  of  ESKIMO  III  was  to  qualify  the  oval 
steel  arch  igloo  at  the  distance  of  1.25  ft/llA/^.  Some  authorities  have 
felt  that,  because  of  the  shallow  crown  of  this  arch,  there  is  greater  risk 
of  catastrophic  collapse  under  severe  shock  loading. 

Acceptor  0.  The  separation  distance  applicable  to  this  exposure  is 
2.75  ft/lbl/d,  ancj  the  location  of  this  igloo  meets  that  requirement 
dim  ;st  exactly  for  an  80-ft  donor  igloo  Tilled  to  capacity  with  bombs  on 
pallets  in  a standard  storage  arrangement . Thus  it  ai forded  the  opportunity 
tor  a direct  tost  using  an  improved  single-leaf  sliding  door  on  a sound, 
existing  specimen  of  the  standard  headwall  for  the  steel  arch  magazine. 

Acceptor  b.  Despite  some  deg, tee  of  unobstructed  llne-of-sight  expo- 
sure between  donor  and  acceptor  headwalls,  standards  permit  application 
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Figure  1 ESKIMO  III  Near  Field  Layout 


of  the  side-to-side  distance  in  this  case.  Remaining  from  previous  tests, 
this  acceptor  is  at  2.55  ft/lbl/3f  about  twice  the  required  distance. 

Acceptor  E.  This  is  a f ront-to-front  exposure  at  3.7  ft/lb^/^  for 
the  size  of  igloo  donor  in  ESKIMO  III.  Standards  require  6 ft/lb^/^  with 
an  earth  barricade  between.  The  orientation  was  tested  in  ESKIMO  I with 
failure  at  2 ft/lbl/3.  the  standard  distance  is  untested.  The  exposure 
might  be  considered  equivalent  to  that  between  barricaded,  substantial 
aboveground  magazines  or  between  strengthened  operating  buildings  as  well. 

Incident  peak  pressure  was  measured  at  the  ground  surface  in  front  of 
each  acceptor  igloo.  Reflected  peak  pressure  and  impulse  were  obtained 
directly  from  blast  gages  set  in  each  headwall.  Rows  of  surface  gages 
were  positioned  to  measure  the  incident  peak  pressure  on  the  earth  over 
the  oval  arch  and  the  light-gage  circular  arch,  and  to  the  rear  of  the 
donor.  Acceleration  and  displacement  measurements  were  made  on  the  arches 
of  the  closest  acceptors. 

Damage  Observations 

Acceptor  A.  The  deep-corrugated  arch  was  deformed  nonuniformly , the 
deformation  being  most  pronounced  along  the  side  of  the  arch  nearer  the 
donor,  about  7 ft  above  the  floor  line.  The  arch  did  not  collapse,  and 
the  velocity  of  its  inward  movement  would  not  have  represented  a hazard 
to  explosives  stored  within. 

Acceptor  B.  The  noncircular  steel  arch  magazine  experienced  only 
minor  structural  damage.  The  sides  of  the  arch  were  pushed  inward 
slightly,  the  maximum  deformation  occurring  at  a height  of  4.5  to  5 ft 
above  the  floor  level  on  the  side  nearer  the  donor.  The  floor  bowed 
upward,  the  maximum  displacement  occurring  along  the  centerline,  where  it 
was  typically  0.3  ft.  The  central  flat  crown  of  the  noncircular  steel 
arch  moved  upward  slightly  with  respect  to  the  floor  about  0.38  ft  at  the 
midsection  of  the  arch. 

► 

Acceptor  C.  The  horizontal-span,  single-leaf  sliding  door  withstood 
the  blast  with  little  apparent  damage  or  deformation.  It  remained  lodged 
in  place  at  the  door  opening  and  could  not  be  opened  manually.  The 
concrete  headwall,  which  had  remained  from  a 1963  test,  experienced  some 
cracking,  inward  displacements  up  to  0,4  ft,  and  interior  concrete 
spallation  near  the  door  opening. 

Acceptor  D.  This  igloo  experienced  inward  door  movement  with  complete 
separation  of  one  leaf  through  hinge  failure.  Inward  rotation  of  the 
other  leaf  caused  severe  twisting  of  the  steel  door  frame.  Except  for 
local  damage  near  one  edge  of  the  opening,  headwall  damage  was  generally 
slight.  Limited  door  deformation  suggests  that  the  leaves  did  not  atLain 
high  velocities. 
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Acceptor  E.  The  most  severe  door  and  headwall  damage  was  experienced 
by  this  igloo.  Mere  the  door  damage  and  deformation  indicate  that  the 
leaves  were  driven  inward  with  significant  vel;  ity.  In  addition,  much 
of  the  steel  channel  door  frame  was  separated  from  the  concrete  headwall 
opening.  The  maximum  inward  movement  of  the  headwall  was  approximately 
1.5  fL  where  the  lower  end  of  the  door  frame  at  one  side  separated  from 
the  floor. 

Near  Field  Blast 


Measurements  made  at  the  surface  of  the  earth  fill  over  the  midsections 
of  the  igloos  flanking  the  donor  show  that  p . ak  blast  pressure  and  impulse 
are  reduced  far  below  their  values  at  the  same  distances  from  an  above- 
ground hemisphere  of  the  same  weight  of  explosive.  The  comparison  of  peak 
pressures  is  illustrated  graphically  in  Figure  2.  Similar  reductions 
o. cur  in  blast  impulse.  The  resulting  arch  velocities,  derived  from  accel- 
erometer records  and  dynamic  di splaceme nt  measurements,  were  found  to 
range  from  about  7.5  to  9 fps. 

Measurements  t->  the  rear  of  the  donor  magazine  indicate  that  the  free- 
field  pressure  and  impulse  observed  there  are  the  same  as  would  be  produced 
by  a 37,000-lb  TNT  hemisphere  about  150  ft  away.  Thus  the  near-field 
blast  from  ESKIMO  III  can  apparently  be  simulated  by  an  aboveground  charge 
of  little  more  than  one -tenth  the  explosive  quantity. 


182 


AIRBLAST  EFFECTS  ON  WINDOWS  IN 


BUILDINGS  AND  AUTOMOBILES 
ON  THE  ESKIMO  III  EVENT 

E.  R.  Fletcher,  D.  R.  Richmond,  and  D.  W.  Richmond 
Lovelace  Foundation  for  Medical  Education  and  Research 
Albuquerque,  New  Mexico  87108 

INTRODUCTION 
Object ives 

The  objectives  of  this  project  were: 

1.  to  determine  the  velocities,  masses,  and  spatial 
densities  of  the  fragments  from  three  types  of 
standard  plate-glass  windows  mounted  in  closed, 
cubical  structures  at  three  ranges  from  ground 
zero ; 

2.  to  determine  the  same  quantities  for  window 
fragments  inside  three  automobiles,  one  oriented 
side-on  and  two  oriented  head-on  to  ground  zero; 

3.  to  document  the  window  damage  in  ten  automobiles 
located  at  three  ground  ranges; 

4.  to  study  the  response  of  a clothed  anthropomor- 
phic dummy  (a)  standing  behind  one  of  the  plate- 
glass  windows  and  (b)  sitting  in  an  automobile; 
and 
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5.  to  estimate  the  hazards  to  occupants  of  build- 
ings and  automobiles  exposed  to  similar  levels 
of  airblast. 

Background 

In  order  to  access  the  flying-glass  hazard  to  occupants 
of  buildings,  houses,  and  automobiles  in  the  vicinity  of  an 
explosion,  it  is  necessary  to  have  information  concerning  the 
characteristics  of  fragments  from  windows  broken  by  airblast. 
Reference  1 describes  several  experiments,  conducted  over  the 
past  20  years,  which  provide  data  for  a limited  number  of 
window  types  and  conditions  of  exposure.  More  recently,  a 
study  was  undertaken  during  the  Eskimo  II  test  in  which  13.9 
tons  of  explosive  material  was  detonated  at  the  Naval  Weapons 
Center,  China  Lake,  California  in  May  of  1973  (Reference  2). 
Plate-glass  windows  of  three  designs  were  placed  in  cubical 
structures  at  overpressure  levels  between  0.2  and  0.5  ps^  , 
and  conventional  automobiles  were  positioned  from  0.4  to  1.2 
psi.  The  Eskimo  III  test  provided  an  opportunity  to  evaluate 
the  effects  of  yield  by  exposing  similar  plate-glass  windows 
and  automobiles  to  approximately  the  same  overpressures  in 
the  vicinity  of  a much  larger  explosion  (175  tons'). 
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PROCEDURE 


Modules 

Ten  9-foot  cubical  boxes  called  modules  (used  previously 
on  the  Eskimo  II  test)  were  positioned  along  the  northwest 
radial  by  China  Lake  personnel . Three  modules  abutted  one 
another  at  the  5920-foot  range,  three  at  3950  feet,  and  four 
at  3525  feet  (see  Figure  1).  The  only  openings  into  each 
module  were  a hole  where  a window  was  mounted  and  an  access 
door  which  was  closed  during  the  blast.  All  of  the  windows 
faced  ground  zero. 

Windows 

The  three  types  of  windows  used  on  the  Eskimo  II  and  III 
tests  are  shown  at  the  bottom  of  Table  I.  Types  W1  and  W2 , 
designated  as  projected  and  horizontal-sliding,  respectively, 
are  commercial-type  windows  used  extensively  in  government 
bit:  1 dings  and  comply  with,  but  do  not  exceed,  the  Architectural 
Aluminum  Manufacturers  Association  ( AAMA ) specifications.  The 
Type  W3  window-walls  were  mounted  in  a neoprene  structural 
gasket  system  used  in  Federal  office  buildings  but  no  AAMA 
specifications  are  available.  Three  Type  Wl,  four  Type  W2, 
and  three  Type  W3  windows  were  mounted  one  each  in  the  ten 
modules.  One  window  of  each  type  was  tested  at  three  ranges. 
The  additional  Type  W2  window  was  located  at  the  35  5-foot 
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TABLE  I 

DESCRIPTIf  . OF  THE  WINDOWS  IN  THE  MODULES 


Parameters  for  Individual  Panes 

Window 

Width, 

Height , 

Type  of 

Type 

Number 

Color* 

in . 

in . 

Glass 

Frame  Type 

PI 

45 

45 

Plate 

Fixed 

P2 

45 

45 

Plate 

Fixed 

W1 

P3 

■ 

42 

20 

Sheet 

Top  Opening 

P4 

Black 

42 

20 

Sheet 

Top  Opening 

PI 

Copper 

34 

48 

Sheet 

Horizontal  Sliding 

W2 

P2 

Green 

34 

48 

Plate 

Fixed 

PI 

Copper 

1 48 

90 

Plate 

Fixed 

W3 

P2 

Green 

I 

j 48 

90 

Plate 

F i xed 

* A thin  coat  of  paint  was  sprayed  on  both  sides  of  each  pane. 


FRONT  VIEW  OF  THREE  MODULES  INDICATING 
WINDOW  TYPE  AND  PANE  NUMBERS 

W2 

W1  HORIZONTAL-  W3 

PROJECTED  WINDOW  SLIDING  WINDOW  WINDOW  WALL 
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range . The  panes  were  spray  painted  different  colors  to  aid 
in  identifying  the  sources  of  the  trapped  fragments  (see 
Table  I). 

Automobi 1 es 

Eight  automobiles  were  exposed  side-on  to  the  blast, 
five  at  a range  of  2115  feet,  two  at  2630  feet,  and  one  at 
3950  feet  (see  Figure  1).  Two  additional  automobiles  were 
exposed  head-on  at  a range  of  2115  feet. 

Styrofoam 

A Styrofoam  witness  plate  was  mounted  on  the  inside 
back  wall  of  nine  of  the  modules  in  an  attempt  to  trap  glass 
fragments  if  the  window  was  broken  by  the  blast  wave.  The 
witness  plates  were  fabricated  at  the  Lovelace  Foundation 
using  low-density  Styrofoam  (Type  II,  described  in  Reference 
3)  glued  to  1/2-inch  plywood.  Each  witness  plate  included 
two  pieces  of  Styrofoam  each  90  inche-s  high,  32.5  inches 
wide,  and  6 inches  thick.  In  each  module  the  distance  from 
the  window  to  the  surface  of  the  Styrofoam  was  approximately 
84  inches.  Similar  but  smaller  witness  plates,  each  contain- 
ing one  piece  of  Styrofoam  32  inches  high,  43  inches  wide, 
and  6 inches  thick,  were  mounted  in  the  automobiles.  One 
witness  plate  was  installed  in  automobile  A1 , one  in  A2 , and 
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two  in  A4  such  that  Styrofoam  was  located  approximately  32 
inches  behind  each  of  the  windows  which  faced  ground  zero  in 
these  three  vehicles.  Calibration  techniques  described  in 
Reference  3 were  used  to  develop  a formula  for  determining 
the  velocity  of  a fragment  from  its  mass  and  the  volume  of 
the  impression  it  made  in  the  Styrofoam. 

Dummies 

Two  ant'  'opomorphic  dummies  attired  in  summer  civilian 
clothing  v • r applied  by  the  Lovelace  Foundation  for  this 

test.  One  ol  the  dummies  was  standing  35  inches  behind  pane 
P2  in  the  B4  module  at  3525  feet.  This  module  did  not  contain 
any  Styrofoam  witness  plates.  The  dummy  faced  the  window 
with  his  chest  resting  lightly  against  a narrow  metal  rod  in- 
tended to  stabilize  his  position  prior  to  shock  arrival  while 
not  interfering  with  subsequent  possible  blast  displacement. 
The  other  dummy  was  secured  by  means  of  a lap  seat  belt  in 
the  driver's  seat  of  a left-side-on  station  wagon,  A3,  located 
at  2115  feet  on  the  northwest  radial. 

Cameras 

Two  high-speed  (400  frames  per  second)  motion-picture 
cameras  were  used  by  China  Lake  personnel  to  record  the  re- 
sponses of  the  i o dummies.  A reference  grid  was  painted  on 
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the  portion  of  the  module  wall  in  the  field  of  view  of  the 
camera  in  order  to  facilitate  velocity  determinations  for 
the  glass  fragments  and  the  dummy. 

Overpressure  Gauges 

Eight  self-recording  BRL  mechanical  gauges,  supplied  by 
China  Lake,  were  positioned,  two  each,  at  the  3525-,  2630- , 
and  2115-foot  ranges  on  the  northwest  radial  and  at  the  2115- 
foot  range  on  the  southwest  radial.  Additional  gauges  were 
located  at  closer  ranges. 

RESULTS  AND  DISCUSSION 
General 

All  of  the  modules  remained  structurally  intact  and  none 
o:  the  Styrofoam  witness  plates  were  damaged  or  displaced  by 
the  blast  experience.  A total  of  296  fragments  were  trapped 
from  the  18  of  26  exposed  panes  which  broke.  Window  damage 
was  noted  in  four  of  the  ten  automobiles  on  the  layout,  but 
none  of  the  windows  broke  in  front  of  the  witness  plates. 
Dummy  and  glass  responses  were  satisfactorily  documented  with 
both  motion-picture  cameras.  Good  pressure-time  records  were 
obtained  from  most  of  the  gauges.  In  general,  the  average 
measured  peak  incident  overpressures  were  close  to  the  pre- 
dicted values  as  given  in  Figure  1 for  the  five  ranges  of 
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interest.  The  average  measured  overpressure  was  0.60  psi  at 
3525  feet  (0.6  predicted),  0.97  psi  at  2630  feet  (0.9  pre- 
dicted), and  1.38  psi  at  2115  feet  (1.2  predicted). 

Windows  in  Modules 

The  26  panes  of  glass  exposed  in  the  modules  are  listed 
in  Table  II  along  with  such  information  as  glass  thickness, 
whether  or  not  the  pane  broke,  and  the  number  of  fragments 
trapped.  Eight  of  the  ten  panes  at  3525  feet,  seven  of  the 
eight  panes  at  3950  feet,  and  three  of  the  eight  panes  at 
5920  feet  broke.  As  expected,  only  a portion  of  the  glass 
from  the  broken  panes  was  actually  trapped.  This  is  indi- 
cated by  the  amount  of  glass  left  in  the  frames  and  the  num- 
ber  of  fragments  on  the  floor  below  the  Styrofoam  as  shown 
in  Figure  2,  a postshot,  view  of  the  modules  at  3950  feet. 
Table  II  also  contains  the  predicted  peak  incident  overpres- 
sure, Pi,  the  calculated  (using  Pi)  peak  overpressure  in  the 
reflected  wave  ut  the  front  of  the  modules,  Pr,  and  the  pre- 
dicted duration  of  the  positive  phase  of  the  incident  over- 
pressure, tp. 

Masses  and  Velocities  of  Fragments 

The  masses  and  velocities  were  determined  by  pro- 
cedures described  in  Reference  3 for  all  but  29  fragments 
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'*  There  was  no  Stym*s«ua  in  the  nodule  contain  inf  this  pane, 
t Velccity  estimated  from  the  motion-picture  record  (413  frames  per  second 
a.  Overall,  an  additional  29  fragments  were  trapped  for  which  If  and  V were 
+ not  calculated  (see  text)  bringing  the  total  number  of  fragments  trapped 
to  296. 


Postshot  View  of  (from  Left  to  Right)  Modules  B5,  B6,  and  B7 . 


which  struck  so  close  to  other  fragments  that  the  measured 
volumes  of  the  impressions  in  the  Styrofoam  were  suspect. 

As  in  the  past,  it  was  noted  that  for  each  pane  an  approxi- 
mately linear  relationship  existed  between  the  logarithms  of 
the  velocities  and  the  logarithms  of  the  masses  of  the  frag- 
ments. A least-squares  linear-regression  analysis  was  per- 
formed for  each  pane  and  rhe  results  appear  in  Table  II  where 
v50  and  M50  are  the  geometric  mean  fragment  velocity  and  mass 
respectively;  b and  Eg  are  the  slope  and  the  standard  error 
in  the  slope  of  the  regression  line,  respectively;  and  Egv  is 
the  geometric  standard  error  of  estimate  of  fragment  velocity 
In  addition,  A50  is  the  geometric  mean  frontal  area  of  the 
fragments  (calculated  from  the  density  and  thickness  of  the 
glass  and  M50),  and  Egm  and  Ega  are  the  geometric  standard 
deviation  of  the  fragment  masses  and  frontal  areas,  respect- 
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It  was  noted  that  the  masses  and  velocities  of 


fragments  from  panes  of  approximately  the  same  thickness  and 
located  at  the  same  ground  range  tended  to  be  very  similar. 
Therefore  the  data  were  combined  into  five  groups  (no  1/8- 
inch-thick  fragments  were  trapped  at  5920  feet)  representing 
panes  approximately  1/4-  or  1/8-inch-thick  located  at  the 


3525-,  3950- , or  5920-foot  ground  range.  These  groups  are 


shown  in  Figures  3 through  7 which  contain  regression  lines 
as  well  as  lines  drawn  one  standard  error  of  estimate  on 
either  side  of  the  regression  lines.  The  results  of  the  re- 
gression analysis  for  each  of  the  five  groups  are  given  in 
Table  II  where  it  can  be  noted  that  the  mean  fragment  ve- 
locity estimated  from  the  motion-picture  record  obtained 
at  3525  feet  was  29  ft/sec  compared  to  37.6  ft /sec  measured 
from  the  witness  plate  behind  a similar  pane  in  module  B1  at 
the  same  range. 

Spatial  Densities  of  Fragments 

All  296  fragments  were  used  in  computing  the  spatial 
densities  of  trapped  fragments  which,  for  each  pane,  tended  to 
be  constant  over  an  area  of  Styrofoam  equal  to  the  size  of  the 
pane.  This  area  was,  in  general,  centered  somewhat  below  the 
center  of  the  pane  as  a result  of  the  fragments'  having  fallen 
(due  to  gravity)  in  traversing  the  distance  from  the  ^ ame  to 
the  Styrofoam.  Likewise,  the  density  of  trapped  fragments  for 
an  entire  window  (i.e.,  counting  the  fragments  from  all  of  the 
panes)  tended  to  be  approximately  constant  over  an  area  of 
Styrofoam  equal  in  size  to  the  window  but  displaced  downward. 
The  computed  average  densities  (designated  as  and  pw  for 
the  individual  panes  and  entire  windows,  respectively)  over 
these  areas  of  approximately  constant  density  are  listed  in 
Table  II. 
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Curves  indicate  the  probability  of  a fragment's 
penetrating  / cm  of  soft  tissue. 


Figure  3.  Glass  Fragments  Trapped  from  Approximately  1/S -Inch-Thick 
Panes  at  a Ground  Range  of  3525  Feet. 


Curves  indicate  the  probability  of  a fragment's 
penetrating  t cm  of  soft  tissue. 


Figure  4.  Glass  Fragments  Trapped  from  Approximately  1/4-Inch-Thick 
Panes  at  a Ground  Range  of  3525  Feet. 


Figure  5.  Glass  Fragments  Trapped  from  Approximately  1/8-Inch-Thick 
Panes  at  a Ground  Range  of  3950  Feet . 
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Comparisons  with  Prior  Data 


In  order  to  make  comparisons  between  the  Eskimo  II 
and  III  tests  and  prior  experiments,  all  of  the  data  were 
plotted  in  Figures  8 through  10  which  were  modified  from 
Reference  1 In  these  figures,  it  can  be  seen  that  the  frag- 
ment velocities,  frontal  areas,  and  densities  for  the  two 
Eskimo  tests  were  fairly  consistent,  indicating  that  these 
quantities  were  not  greatly  dependent  on  the  yield.  Further, 
the  Eskimo  test  data  line  up  reasonably  well  with  the  cor- 
responding values  for  the  prior  data  when  plotted  against 
the  effective  peak  overpressure,  i.e.,  the  peak  overpressure 
on  the  window.  This  overpressure  was  assumed,  to  be  Pr  for 
the  Eskimo  tests  since  all  of  the  windows  faced  the  advancing 
blast  wave.  However,  on  all  three  figures  the  Eskimo  test 
d-  a tend  to  fall  above  the  regression  curve  based  on  the 
prior  data  only.  Thus,  the  Eskimo  test  data  suggest  that  in 
each  case  the  shape  of  the  regression  curve  may  need  to  be 
modified  for  the  lower  overpressures.  In  the  case  of  the 
mean  fragment  velocity,  this  is  probably  because  the  fragments 
with  sufficiently  low  velocities  are  not  likely  to  be  trapped 
in  the  Styrofoam. 

Biological  Hazards 

Figures  3 through  7 contain  curves  indicating 
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Figure  8.  Sealea  Ueomet r ic-Mean  Fragment  Velocity 
Effective  Peak  Overpressure. 
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0 

Prior 

0.203 

• 

Eskimo  H 

to 

Eskimo  HL 

0.264 

□ 

Prior 

0.080 

B 

Eskimo  31 

to 
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Eskimo  JE 

0.128 

Note:  t is  the  glass  thickness  in  inches 
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EFFECTIVE  PEAK  OVERPRESSURE,  Pe>  psi 

Figure  10.  Scaled  Average  Maximum  Density  of  Trapped  Fragments 
Plus  2.07  vs  Effective  Peak  Overpressure. 


the  probability  of  a fragment's  penetrating  1 cm  of  soft  tis- 
sue as  given  in  Reference  4.  It  can  be  seen  that,  of  the  267 
trapped  fragments  for  which  masses  and  velocities  are  avail- 
able, only  three  had  at  least  a 1.0-percent  probability  of 
penetrating  1 cm  of  soft  tissue.  All  three  occurred  at  the 
3525-foot  range  where  fragments  were  trapped  behind  eight 
panes,  giving  an  average  of  about  one  fragment  for  each  two 
panes  with  a significant  (at  least  1.0  percent)  probability 
of  penetrating  1 cm  of  soft  tissue.  The  highest  probability 
computed  at  this  range  was  11  percent.  No  fragments  with  a 
significant  probability  of  penetrating  1 cm  of  soft  tissue 
were  caught  behind  the  sixteen  panes  at  the  3950-  and  5920- 
foot  ranges. 

Data  from  two  biological  studies  were  used  to 
estimate  the  probability  of  skin  penetrations  by  fragments 
trapped  from  the  windows  in  the  modules.  In  the  first  study 
(Reference  5)  glass  fragments  (0.054  to  1.9  gm)  were  impacted 
in  random  orientations,  and  in  the  second  study  (Reference  6) 
plexiglas  fragments  (1.0  to  100  gm)  were  impacted  point-on. 
The  velocity  for  a 50-percent  probability  of  bare-skin  pene- 
tration varied  from  480  ft/sec  for  a 0.054-gm  fragment  to  33 
ft/sec  for  a 100-gm  fragment.  The  velocity  for  a 1.0-percent 
probability  of  bare-skin  penetration  varied  from  200  ft /sec 
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for  a 0.054-gm  fragment  to  22  ft/ sec  for  a 100-gm  fragment. 
Limited  data  from  Reference  6 indicated  that  the  above  veloci- 
ties  should  be  increased  by  65  +15  percent  for  skin  covered 
with  two  layers  of  light  clothing.  Using  the  above  values, 
the  numbers  of  fragments  with  greater  than  a 1.0-  and  50- 
percent  probability  of  penetrating  bare  skin  and  skin  cov- 
ered with  two  layers  of  light  clothing  were  counted  in  Fig- 
ures 3 through  7,  and  the  results  appear  in  Table  III.  Although 
some  of  the  assumptions  needed  to  derive  Table  III  might  be 
questioned,  the  values  strongly  suggest  that  a significant  num- 
ber of  skin  penetrations  might  have  occurred  had  people  been 
located  behind  the  windows  in  the  modules  during  the  Eskimo  III 
event . 


Dummy  in  Module 

The  window  pane  (P2)  35  inches  in  front  of  the  dummy  was 
not  broken  by  the  blast  wave.  From  the  motion-picture  record 
it  was  determined  that  no  fragment  from  pane  PI,  which  did 


bre 


u>n  i o t 


ruck  the  dummy  and  that  the  dummy  suffered  no  dis- 


placement during  the  blast  experience.  At  postshot  examina- 
tion, the  dummy  and  clothing  were  found  to  be  intact. 


Windows  in  Automobiles 

The  locations  of  the  automobiles  on  the  layout  are 
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TABLE  III 


PREDICTED  SKIN  PENETRATIONS  BY  FRAGMENTS 
FROM  THE  WINDOWS  IN  THE  MODULES 


Percent  of  Trapped  Fragments 
With  Greater  Than  A (1%/D 
Probability  of  Penetrating 


Ground 

Predicted  Peak 
Overpressure,  psi 

Average 

Glass 

Skin  and 
Two  Layers 

uange , 
ft 

Incident 

Reflected 

Inches 

Bare  Skin 

or  Light 
Clothing 

nsa  *=> 

n 

1 9 

0.125 

67/10 

7/0 

0.238 

71/36 

29/6 

3950 

0 . 5 

1 0 

0.122 

37/4 

4/0 

0.235 

54/16 

11/0 

5920 

0.3 

0.6 

l 

0 . 208 

14/ ') 

0/0 

indicated  in  Figure  1,  and  the  observed  window  damage  is 
given  in  Table  IV.  At  2115  feet  (1.2  psi)  the  most  common 
damage  was  to  the  larger  windows  such  as  the  windshield. 

On  the  average,  about  one  window  per  automobile  was  dam- 
aged, of  which  approximately  one  half  broke  out  and  one  half 
sustained  multiple  cracks  but  remained  in  place.  The  only  win- 
dow damage  sustained  by  the  two  automobiles  at  2630  feet  (0.9 
psi)  consisted  of  multiple  fractures  of  one  windshield.  None 
of  the  windows  in  the  automobile  at  3950  feet  (0.5  psi)  were 
damaged.  There  was  evidence  that  four  automobile  windows 
were  broken  by  bomb  fragments  or  crater  ejecta  rather  than 
by  the  airblast  itself.  This  damage  was  not  included  in 
Table  IV. 

The  window  which  dislodged  from  the  frame  in  automobile 
A3  traveled  across  the  fie^d  of  view  of  the  motion-picture 
camera.  From  analyzing  the  record,  it  was  determined  that 
the  peak  velocity  of  the  center  of  mass  of  the  pane  was  about 
12  ft/sec.  Because  of  the  low  velocity  and  the  fact  that  the 
glass  did  not  break  and  produce  sharp  edges,  it  is  estimated 
that  the  pane  would  have  a very  small  probability  of  penetrat- 
ing 1 cm  of  soft  tissue.  Although  the  pane  was  quite  massive, 
it  would  probably  not  be  very  hazardous  from  the  point  of  view 
of  blunt-body  trauma  because  of  the  low  velocity. 


21 G 


TABLE  IV 


i' 


I*: 


AUTOMOBILE  WINDOW  DAMAGE 


i 


r 

t- 

§ 


i 


a 

I 

p* 

! t 

t* 


pi, 

psi 

Automobile 

Hinge,  ft 

Orientation 

Number 

Description 

Windows  Damaged 

Extent  of  Window  Damage 

Face-On 

Al| 

Peugeot 

Station 

Wagon 

None 

None 

A2$ 

Chevrolet 

Pickup 

None 

None 

A3 

Buick* 

Station 

Wagon 

Windshield 
Left  Rearward** 
Rear 

Multiple  fractures 
Intact  but  dislodged 
Partly  broken  out 

A4} 

Dodge 
Stat ion 
Wagon 

Windshield'1' 
Right  Rear-Door 

Rear 

Completely  broken  out 
Multiple  fractures 
Completely  broken  out 

2115 

1.2 

Left 

Side-On 

AS 

Dodge 

Fuel 

Truck 

Right  Door 

Multiple  fractures 

A6 

VW 

None 

None 

A7 

Rambler 

Station 

Wagon 

None 

None 

AS 

VW 

Square 

Back 

Windshield 

Multiple  fractures 

2630 

0.9 

Side-On 

A9 

Chevrolet 

Station 

Wagon 

None 

None 

3950 

■ 

Left 
Side-On 
- , 

A10 

Ford 

Station 

Wagon 

None 

None 

* An  anthropomorphic  d unsay  was  secured  in  the  driver's  seat  of  this 
station  wagon  by  means  of  a lap  seat  belt. 

**  Analysis  of  the  film  record  from  the  camera  (392  frames  per  second) 
indicated  that  the  window  achieved  a peak  velocity  of  12  ft/sec. 

t The  windshield  had  multiple  fractures  prior  to'tha  test. 

+ No  missile  impacts  were  noted  on  the  Styrofoam  witness  plate 
+ which  faced  ground  zero  in  this  vehicle. 

Note: 

Window  damage  due  to  bomb  fragments  or  crater  ejecta  has  not 
been  Included  in  the  table. 


Dummy  in  Automobile 


i. 

n 

o 

>T'« 

£' 


A 


No  damage  was  observed  to  the  dummy  secured  by  means  of  a 
lap  seat  belt  in  the  driver's  seat  of  the  left-side-on  sta- 
tion wagon  (A3)  at  2115  feet  (1.2  psi).  The  window  behind 
the  left  rear  door  was  blown  into  the  vehicle,  but  it  did 
not  strike  the  dummy.  From  the  motion-picture  record  it  was 
determined  that  the  dummy  suffered  no  significant  displace- 
ment during  the  blast  experience. 
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THE  NATIONAL  EXPLOSIVES  TAGGING  PROGRAM 
R.  F.  Dexter 

United  States  Treasury  Department 
Bureau  of  Alcohol,  Tobacco  and  Firearms 
Washington,  D.  C, 


The  Bureau  of  Alcohol,  Tobacco  and  Firearms  has  a regulatory  and  criminal 
enforcement  responsibility  in  the  control  of  explosive  materials.  Inherent 
in  this  control  is  the  responsibility  to  reduce  the  hazards  to  persons  and 
property  caused  by  the  criminal  use  of  explosives  in  bombs  and  destructive 
devices. 

The  Explorives  Tagging  Program  is  a means  to  influence  the  reduction  in 
the  number  of  domestic  bomb  incidents.  However,  the  ultimate  success  of 
this  endeavor  hinges  on  continued  multiagency  cooperation  and  support  of 
the  committees  activities.  Without  your  participation  this  report  would 
not  have  been  possible.  For  this  I would  like  to  thank  all  agencies  and 
persons  for  your  interest  and  invaluable  support  of  the  Bureau  in  this 
program. 
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EXPLOSIVES  TAGGING  FLAN 


SOWARY 

There  is  a compelling  need  for  a cxordirvt  ed  National 
Program  to  control  the  illegal  use  of  explosives. 

Statistics  ocrpiled  by  ATF  and  FBI  covering  the  period 
from  January  through  March,  1974,  indicates  that,  in  the 
United  States  there  was  one  reported  bombing  every  5-1/2 
hours  vbich  involved  death,  serious  injury  or  property  damage. 
Because  of  the  reporting  method  used,  it  is  believed  that 
bombing  incidents  are  actually  more  frequent  than  reflected 
by  these  figures. 

The  unlawful  use  of  explosives  in  the  United  States  has 
resulted  in  very  high  material  cost  to  the  government,  industry 
and  the  public.  In  addition  to  the  many  deaths,  critical  in- 
juries, and  the  crippling  and  maiming  of  innocent  bystanders 
resulting  from  the  illegal  use  of  explosives,  there  is  a 
staggering  cost  incurred  from  property  damage,  lost  nun-hours 
and  indirect  expenses. 

Since  the  end  of  1971  to  present  there  have  been  146  deaths, 
238  injured,  over  $100  millions  of  do  Ilsurs  in  property  damage, 
and  an  incalculable  cost  loss  in  production  time  ar*d  manpower 
to  government  and  industry.  In  the  last  18  months  there  have 
been  124  evacuations  from  Federal  buildings  ale  c,  resulting  in 
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an  estimated  §590,000  cost  loss  in  man-hours. 

1,336  bent)  threats  were  received  by  the  civilian  airline 
industry,  requiring  109  diversions  to  alternate  airports.  Each 
diversion  cost  $10,000  - §200,00  per  incident. 

Initial  studies,  technological  assessment  a. id  preliminary 
investigations  have  established  the  current  technical  feasibility 
of  detecting  and  identifying  the  source  of  most  illegally  used 
explosives.  11113  presentation  will  describe  the  costs  and 
methods  inplei renting  a viable  program  to  detect  ard  identify 
explosives  through  tagging.  Also,  this  program  includes  a com- 
panion effort  which  is  necessary  to  ensure  the  development  of  a 
National  capability  for  detecting  untagged  explosives . 

WK)T  THE  TAG11NG  PROGRAM 

Hie  Explosives  Tagging  Program  was  conceived  to  substan- 
tially reduce  the  bombing  threat  and  to  coordinate  those  feasi- 
bility efforts  already  initiated.  Various  government  agencies 
had  begun  unilateral  efforts  to  solve  their  own  particular 
problems,  but  no  coordinated  approach  to  the  overall  solution 
was  in  existence.  As  a result,  there  was  much  duplication  of 
effort  with  its  attending  inefficiency  and  waste  of  public  funds. 

This  problem  was  recognized  by  some  ten  Federal  agencies 
and  a series  of  ad  hoc  meetings  were  held  in  late  19"2.  At  the 
last  meeting  conducted  in  early  1973,  an  agreement  was  reached 
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that  the  Bureau  of  Alcohol,  Tobacco  and  Firearms  be  given  the 
role  of  lead  agency  for  the  total  program.  Federal  Charters 
were  subsequently  issued  to  evaluate  and  recommend  specific 
courses  of  action  for  the  development  of  a program  to  control 
the  illegal  use  of  explosives. 

PROGRAM  MANAGEMENT 

The  Bureau  of  Alcohol,  Tobacco  and  Firearms  has  primary 
responsibility  for  tlie  regulatory  control  over  the  manufacture, 
importation,  distribution  and  use  of  explosives . In  addition, 

AH’  is  responsible  for  the:  investigations  of  bath  threats  to 
Treasury  facilities,  bomb  incidents  affecting  interstate 
commerce,  and  accidental  explosions  where  explosives  are 
believed  to  be  involved  under  the  provisions  of  the  Organized 
Crime  Control  Act  of  1970  and  tlie  1968  Gun  Control  Act.  In 
short,  ATF's  responsibilities  concerning  explosives  are  quite 
broad  and  are  established  by  law. 

Since  ATP1  has  been  acting  in  the  role  of  lead  agency,  the 
explosives  industry,  as  represented  by  the  Institute  of  Mahers 
of  Explosives  (IME) , pledged  complete  cooperation  in  this  tagging 
effort.  Massachusetts  has  enacted  legislation  and  several  states 
have  legislation  pending  which  would  require  explosives  to  be 
identified  through  the  incorporation  of  additives.  For  economic 
reasons,  the  explosives  industry  is  justifiable  concerned  that 
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a single  uniform  identification  system  be  developed  by  all 
states. 

Under  the  provisions  of  the  interagency  Committee  Charters, 
the  ATF  Advisory  Connittee  on  Explosives  Tagging  recommends  an 
overall  course  of  action  to  the  Director  of  ATF.  The  Technical 
Subooftmittee  of  the  Advisory  Ccmittee  evaluates  existing  and 
proposed  systems  for  the  explosives  detection  and  identification. 
Tb  date,  numerous  technical  proposals  have  been  reviewed  by  the 
Subcommittee  and  an  evaluation  of  these  technical  concepts  and 
existing  instruments  have  been  prepared  as  fact  sheets  and  are 
enclosed  in  this  report. 

PROGRAM  PARTICIPATION 

In  addition  to  the  public  sector,  the  Federal  agencies 
represented  on  the  two  committees  are  the  Bureau  of  Alcohol, 
Tobacco  and  Firearms;  Law  Enforcement  Assistance  Admiiiistration; 
The  Federal  Bureau  of  Investigation;  Secret  Service;  Bureau  of 
Mines?  Federal  Aviation  Administration;  Department  of  Defense; 
Internal  Revenue  Service;  Atomic  Energy  Cormission;  Environ- 
mental Protection  Agency  and  The  Postal  Service.  Although  not 
formerly  represented,  some  Foreign  governments  have  expressed 
considerable  interest  in  the  program. 

PROGRAM  THRUST 

Tte  thrust  of  the  Explosives  Tagging  Program  is  two  fold. 
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Preventive  detection  and  investigative  identification,  with  and 
without  tagging.  The  short  range  objective  of  the  program  is  to 
tag  within  an  18  month  period,  all  dynamite  produced  in  this 
country  so  that  it  can  be  easily  detected  or  identified  after 
use.  The  long  range  objective  of  the  program  is  to  develop  the 
capability  for  detecting  or  identifying  those  explosives  which 
cannot  be  tagged. 

MAJOR  PROBLEMS 

The  single  major  problem  encountered  by  the  Explosives 

Tagging  Program  is  funding.  During  FY  74,  administrative  oosts 

\ 

were  nominally  met  by  A1F,  but  during  FY  75,  administrative 
support  will  either  be  extremely  marginal  or  non-existent. 

The  U.S.  Treasury  Department,  as  proponent  agency  for  the 
program,  was  unable  to  allocate  any  funding  in  FY  74,  and  the 
supplemental  requests  for  FY  75  and  FY  76  have  been  disapproved. 
The  only  funding  specifically  obligated  thus  far  for  program 
coordinated  effort  has  been  $470,000  from  LEAA  for  technological 
assessment,  feasibility  studies  and  demonstrations,.  Efforts  are 
now  being  pursued  to  obtain  funds  bo  continue  on-going  and  new 
program  objectives. 

SIGNIFICANT  MILESTONES 

Eventhough  no  funding  is  presently  available,  a significant 
effort  has  been  channeled  into  this  project  with  much  of  the 
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preliminary  work  necessary  to  continue  this  program  being 
accomplished.  The  results  of  the  technology  assessment, 
feasibility  analyses  and  laboratory  tests  support  the  concept 
that  specialized  taggants  may  safely  and  reliably  be  added  to 
dynamite  and  blasting  caps.  There  is  a high  confidence  the  it 
cost  effective  explosive  detectors  can  be  developed  and  deployed 
within  18  months.  In  addition,  nanufacturing  methods,  opera- 
tional procedures  and  controls  must  be  developed  and  implemented 
within  this  same  time  period.  There  is  likewise  tiigh  confidence 
that  these  additional  functions  can  also  be  developed  and  imple- 
mented witliin  the  same  18  month  period. 

Tto  adequately  meet  the  bemb  threat  problem  and  because 
of  the  anticipated  countermeasures  that  will  be  taken  by  sane 
criminals  when  it  beccmes  known  that  oarmercial  explosives  are 
tagged,  a companion  research  and  development  program  is  required. 
Results  of  feasibility  studies  show  premising  solutions  for  the 
detection  of  untagged  explosives  and  for  the  tracing  of  explo- 
sive residues. 

KEY  OBJECTIVES 

The  key  objectives  of  the  program  are  summarized. 

Add  taggants  to  dynamites  produced  by  all  iranuf acturers . 
This  will  permit  the  detection  and  tracing  of  the  explosive 
used  in  the  criminal  baiting  to  the  ultimate  purchaser.  Add 
taggants  to  blasting  caps.  This  will  permit  the  detection  of 
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explosives  which  use  blasting  raps.  Approximately  95%  of  all 
illegal  explosions  use  blasting  caps.  Design  and  test  taggant 
sensors.  This  will  permit  the  detection  of  tagged  explosives. 
Finally,,  develop  operational  [rooadures  and  controls  for  the 
short  range  goals;  namely,  detection  and  identification  of 
tagged  explosives. 

The  initial  feasibility  phase  far  project  requirements 
and  results  of  the  research  and  development  efforts  needed  for 
utitagged  explosive  detection  and  identi  fioation  is  18  months 
to  completion  of  the  R&D  tests  and  24  to  36  months  far  opera- 
tional  deployment.  The  first  project  requires  the  developtner  t 
of  detectors  for  untagged  explosives.  This  permits  detection 
of  explosives  for  which  tagging  is  not  feasible.  Secondly, 
develop  the  methods  and  procedures  for  identifying  urctagged 
explosive  residues  and  thus  linking  the  explosives  to  the 
purchaser.  Finally,  develop  prototype  detectors,  methods  and 
procedures  which  would  provide  assurance  that  both  devices 
and  methods  meet  the  program  requirements. 

DESCRIPTION  CF  SUBPROGRAMS  AtP  CftNDIDRTE  SYSTEMS 

The  two  main  areas  of  the  Explosives  Tagging  Program  are 
Detection  and  Identification . In  each  case  there  is  the  option 
of  achieving  these  objectives  with  or  without  tagging. 

In  tlje  short  term  18  month  goal,  the  fastest  and  cheapest 
solution  to  meet  the  programs  objectives  is  through  the  use  of 
taggants.  Explosive  tagging  is  the  addition  of  snail  amounts  of 
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an  easily  detectable  or  identifiable  raterial  to  the  explosives 
compounds. 

SUBPROGRAMS 

The  total  Explosives  Tagging  Plan  is  cxsweniently  divided 
into  four  subprograms. 

(1)  Identification  with  tagging;  (2)  detection  with  tagging; 
{3}  identification  without  tagging;  and  (4)  detection  without 
tagging. 

A brief  description  and  status  of  each  subprogram  is  as 
follows: 

IDEWT1FICATICIC  WITH  TAGGING  (TABLE  1) 

Coded  Microspheres.  Tiny  glass  beads  manufactured  with 
a chemical  code,  and  coated  with  a phosphor  to  permit  their 
location  in  the  bomb  debris  using  a hand  held  ultraviolet 
light,,  are  nu-xed  with  the  explosive  during  production.  After 
the  glass  bean  is  recovered  by  the  investigator,  the  code  is 
decipi^td  by  the  laboratory  and  the  ultimate  purchaser  is 
ascertained  by  record  search.  Three  systems  have  been  pro- 
posed for  the  identification  tagging  of  explosives. 

The  sensitization  study  is  near  completion.  Limited 
testing  has  been  performed  by  Lawrence  Livermore  Laboratories, 
to  evaluate  the  three  candidate  systems  and  their  report,  is 
now  completed  and  will  be  available.  Hus  testing  will  be  the 
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basis  for  the  selection  of  the  candidate  system. 
This  is  a short  range  program  effort. 


DETECTION  WITH  TAGGING  (TABLE  2) 

Sulfur  hexafluoride  as  a taggant.  A nontoxic  , easily 
detected  gas  called  sulfur  hexafluoride  is  infused  into  auall 
plastic  chips  which  are  then  mixed  with  the  explosive  during 
production.  As  the  gas  slowly  leaks  from  the  explosive  into 
the  surrounding  air,  it  is  easily  detected  with  low  cost 
portable  equipment.  Studies  of  barrier  effects,  manufacturing 
ocnpatibility,  and  investigation  of  other  vapor  taggants  are 
cn-going  at  Brodkhaven  National  Laboratory.  The  final  feasi- 
bility report  is  due  in  February,  1975. 

Other  studies  (Table  3)  funded  by  the  Federal  Aviation 
Administration  on  the  detection  of  detonator  caps  by  the 
x-ray  fluorescence  of  lead  which  is  used  in  many  blasting  caps 
have  shown  the  feasibility  of  the  heavy  metal  tag  concept. 

This  is  a short  range  program  effort. 


IDENTIFICATION  WITHOUT  TAGGING  (TABLE  4) 


Only  the  most  limited  feasibility  work  has  been  performed, 
most,  of  which  involves  characterization  of  the  explosive  through 
measurement  of  its  trace  irrpurities.  Techniques  that  ba'V;  been 
used  in  this  analysis  are  gas  chromatography  aid  mass  spectrometry . 

This  is  a long  range  program  effort. 


DBBeeraaa  wraaopg jggguaG  (table  s) 

Mmy  solutions  to  this  problem  have  besa  pznpoaed. 
ftdaiquEfi  and  devices  which  have  been  invests  fated  or  proposed 
include  hinluninesoenp?,  mass  spectroeaopy,  gass  dunutogca^, 
ekctamn  capture  debectccs,  fluorescence,  chemiluminescence:. 
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>,  and  neutron  activation  analysis.  Basically , 


ail  of  these  s>^tw  sensitively  detect  caplosivas  vapors  or 
same  unigue  property  of  the  bulk  explosive  in  its  container. 

A feasibility  study  has  been  initiated  on  a laser  opbo- 
acouofcic  aethcd  for  explosives  detection. 

Additional  studies  are  underway  tp  characterize  vapors 


awwting  from  explosives,  this  is  a long 


program.  About 


1 year  would  be  needed  for  feasibility  studies  and  16  to  24 
Months  for  product  development  and  testing. 


OSaBR  AGENCIES  CJTELE  1) 

Every  state,  comity,  city  agency  responsible  for  investi- 
gating criminal  bantlings  or  far  public  protection  is  a potential 
user.  The  Federal  agencies  who  will  use  these  explosive  detection 
and  identifications  systems  are  depicted  on  CEable  1) . 


FOR  A COHERENT  PROGRAM 

The  unlawful  use  of  explosives  in  the  United  States  has 
reached  a level  that  has  csised  p folic  concern  and  has  resulted 
in  a very  high  cost  to  the  government,  state,  industry  and  the 
public.  The  statistics  have  been  presented.  Loss  of  buoan  life. 


property  damage,  injury  and  maiming  of  iwnoaent  bystanders. 

The  cast  in  life  cannot  be  measured.  One  out  of  every  nine* 
beet)  threats  involves  the  Federal,  State  or  local  govexranent. 
Bncent  besbinp  include  the  tragedies  at  the  Pan  hm  airlines 
facility,  and  atevpted  boatings  at  the  French,  Iranian  and 
Ehgliah  Mxaeieo,  and  the  Plaited  Nations. 

A direct  result  of  this  program  will  be  the  reduction  of 
incidents  involving  the  criminal  and  terrorists  uue  of  explo- 
sives with  the  saving  of  lives  and  property  an  1 the  pruveiidk^i. 


of  injury.  It  is  difficult  to  estimate  the  cost  «ns  bene- 
fit of  this  program.  However,  the  programs  can  effectively 
reduce  the  percent  of  hash  incidents,  to  pi  opacity,  loss  due 
to  injury  and  maiming,  and  the  cost  of  lost  nmi-hours.  It 
must  be  recognized  that  this  program  will  not.  stop  all  boob 
incidents.  ' The  bcmber  is  categnHsed  into  throe  types:  (1) 
the  professional;  (2)  the  subprofiess'xsial;  ad  (3)  the  amatuer. 
this  program  may  or  may  not  effect  the  professional  bcmber 
activities.  However,  the  subprofessioml  and  certainly  the 
amatuer  basher  incidents  will  be  reduced.  Even  if  it  is  a 


101  incident  reduction  the  program  will  have  earned  its  way. 

lh  the  past  ten  years,  federal  agencies  have  spent  over 
$15,000,000  dollars  on  explosive  detection  and  identification 
projects  with  much  duplication  of  effort  and  tax  dollar  loss, 
the  Explosives  Tagging  program  provides  the  effort  and  orderly 
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development  needed  to  produce  a system  that  will,  detect  and 
identify  select  explosives  within  18  months  through  tagging. 

The  same  program  encompasses  the  long  term  effort  needed  to 
detect  and  identify  those  explosives  that  cannot  be  tagged. 

SYSTEM?  APPLICATION 

The  main  FAA  requirement  is  the  interrogation  of  luggage 
and  freight.  The  prime  Post  Office  and  Internal  Revenue 
Service  requirement  is  to  address  the  letter  bento  threat. 

The  major  requirement  of  the  law  enforcement  ccnraunity  is  in- 
vestigative information.  This  program  meets  all  of  these 
requirements. 

There  is  no  single  solution  to  the  total  problem  of 
explosives  detection  and  identification.  The  most  effective 
and  cost  efficient  means  of  aoocqplishing  the  necessary  develop- 
ment efforts  is  to  have  a single  agency  coordinate  them,  a fact 
that  was  recognized  when  ATF  was  selected  and  approved  by 
Treasury  as  proponent  agency  for  this  purpose. 


i 
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Explosives  Detection  and  Identification 


CONCLUSIONS 


Die  conclusions  drawn  are: 

° There  is  an  urgent  need  far  the  development  of  procedures 
for  preventing  explosions  an ti  for  identifying  the  bomber  in  those 
situations  where  the  explosion  cannot  be  prevented. 

o The  tagging  for  identification  subprogram  assets  the  explo- 
sives industries'  needs  far  a coding  method  upon  which  uniform 
State  legislation  can  be  based. 

° Tighter  user  controls  will  be  established  if  explosives  can 
be  traced.  This  will  reduce  the  presently  high  theft  rate. 

o a unified  approach  bo  liis  overall  explosives  ptrctxLan  pre- 
vents diplica  ion  of  effort  and  reduces  expenses  to  the  Federal 
government. 

o The  Explosive  l<tgging  Program  provides  a much  needed 
bool  for  investigative  and  public  safety  officers. 

° A first  rfep  will  be  trade  toward  the  international  control 
of  explosives. 

BEtxamctfmoNs 

Members  of  the  Advisory  Ccotnittee,  the  full  Technical  Sub- 
oomnittee,  and  invited  representatives  from  the  explosi,~es  indus- 
tries have  met  on  three  occasions  during  the  past  year  bo  review 
existing  technology  as  it  applies  to  the  Explosives  Tagging  Program. 
From  these  meetirsgs  t the  following  reccnuendations  have  emerged. 


° Because  of  it s iscaa d involvasent  with  ti*»  regulatory 
and  criaiinal  investigation  aspects  of  the  explosives  pcdalee, 
tar  should  continue  its  leadership  in  the  Explosives  Tagging 
Prograau 

° 'She  short  range  objectives  of  the  tagging  program 
should  be  i^xLesented  since  these  objectives  can  be  quickly 
aooosplished. 

° A level  of  effort  an  all  fronts  is  necessary. 


233 


(TABLE  1) 

EXPLOSIVES  TAGGING  PLAN 
USER  AGENCIES 


DETECTION  IDENTIFICATION 


X 


Bomb  investigation, 

VIP  PROTECTION, 
ACCIDENTAL  EXPLOSIONS 


FBI 

X 

X 

Bomb  investigation. 
Internal  security 

SS 

X 

VIP  PROTECTION, 
SECURITY 

FAA 

X 

Security,  public 
safety 

BOM 

X 

Regulatory  invest- 
igation 

Law  enforcement 
(State  & local) 


Mail  interrogation 


Mail  interrogation 


Investigation,  public 
safety 


Datcoticn  with  Tagging  - Vapor  Tag 


Dotection  vith  Tagging  - Krlvy  Metal  Tag 


Identification  without  Tagging 


baz&ed  cumwiasioi  tests  (**-700-2) 
cr  xwifito.  raomuso  csakgs 
wmm  mmsm 

PICATim  ABSEmL,  DOVEK,  &> 


LMtt  year  at  the  15th  Annual  DoD  Explosives  Soffit y Seminar,  I vu 
In  attendance  when  one  of  the  enlnest  speohvr—  mve  a preaaitaticva  on 
the  shortcomings  of  the  Explosive  Hazard  Classification  Procedures  of 
TB  700-2.  He  appealed,  not  for  just  a past  .vend  patch  job  bat,  far  the 
complete  transformation  of  Bd  700-2.  Hia  speech  was  net  with  overwhelm- 
ing approval.  In  concluding,  he  asked  if  any  member  of  the  audience 
wished  to  defend  TB  700-2.  He  found  no  such  champion.  Hell,  it  took 
me  a year  to  gain  the  courage  to  speak  on  behalf  of  TB  7C0-2. 

Amy  technical  Bulletin  SB  700-2  has  served  us  well  and  deserves 
a better  fate  than  we  plan  for  it.  Modification,  emendation,  revision, 
updating  — YES!  Extirpation  — BO.'  TB  700-2  is  a valuable  safely  tool. 

It  provides  a means  of  Obtaining  data  on  a developed  item  to  tumble  the 
assigning  of  the  appropriate  Quantity-Distance  Class,  Storage  Compatibility 
Group,  DOT  Bill  of  Lading  Class  and  DOT  Container  Marking.  The  data 
obtained  and  the  resulting  hazard  classification  are  for  the  packaged 
Item;  the  configuration  of  the  item  in  storage  and  shipping. 

Every  researcher  weens  to  have  a procedure  he  would  like  to  nominate 
far  Inclusion  in  TB  700-2.  Drop,  Ballot  Impact,  SEAM  Sensitivity, 

Set  Back,  Vibration,  Temperature  Cycling,  Cun  Firing,  Closed  Pipe,  Flying 
Hate,  etc.  are  all  touted  as  necessary  for  hazard  classification.  Hell, 
they  are  not!  Don't  be  stampeded  by  the  quest  for  more  and  more  data. 

Preceding  page  blank 
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Only  data  pertinent  to  hazard  classification  of  the  packaged  item  in 
storage  and  shipping  belongs  in  TB  700-2. 

TB  700-2  is  not  designed  to  replace  the  safety  and  performance  tests 
conducted  during  the  development  stage  to  qualify  an  item  for  military 
use.  Nor  ia  it  used  to  quality  an  explosive,  propellant,  or  pyrotechnic 
for  use  in  an  end  item.  TB  700-2  is  also  not  designed  to  determine  the 
in-process  hazards  involved  in  the  assembly  or  manufacture  of  an  item  or 
material.  These  are  all  dynamic  situations  where  the  item  may  be  exposed 
to  a variety  of  stimuli  and  energy  levels.  They  are  primarily  concerned 
with  finding  if  the  item  is  safe  to  handle,  transport,  arm  disarm,  or 
function  and  the  potential  causes  of  accidental  Initiation.  The  situation 
in  shipping  and  storage  is  more  static.  We  are  trying  to  determine  the 
effects  of  an  accidental  initiation  and  set  parameters  to  protect  per- 
sonnel and  property  against  them.  Ve  want  to  know  if  the  item  will  det- 
onate or  burn  and  ii  propagation  can  be  obtained  between  adjacent  items 
or  packages.  Ve  are  interested  in  overpressure  and  fragments. 

Is  it  necessary  to  subject  items  to  all  sorts  of  stimuli  to  determine 
their  hazard  classification?  Each  test  expends  funds  and  manpower.  If 
the  packaged  item  is  a static  situation,  where  there  is  no  change  in 
configuration,  contents,  distances  between  items,  etc.,  why  not  bake  a 
worst  case  situation  and  observe  the  results?  An  overtest  perhaps,  but 
one  that  would  provide  the  margin  of  safety  we  can  live  with.  From  the 
results  of  this  accidental  initiation  couldn't  we  determine  the  safety 
requirements  to  protect  personnel  and  property?  Veil  that  is  exactly 
what  is  done  in  TB  700-2? 
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In  performing  TB  700-2  tests,  items  are  subjected  to  accidental 
Initiation,  explosive  shock,  and  high  heat  of  fire.  The  centrally 
located  item  of  a package  is  primed  and  initiated.  In  some  cases, 
normal  initiation  is  used  while  in  others  an  explosive  cap  and  booster 
are  employed.  The  packaged  items  are  also  burned  in  a fire.  Visual 
observations  and  auditory  responses  are  made  of  the  resulting  reaction. 
Gauges  measure  over  pressures.  Any  fragments  produced  are  measured 
for  size,  configuration  and  distribution.  We  determine  if  the  items 
detonate  or  burn  and  if  there  is  propagation  to  adjacent  items  and  from 
package  to  package.  The  data  is  utilized  to  ascertain  the  hazard  classi- 
fication and  provide  the  required  measure  of  protection  for  personnel  and 
property. 

There  are  areas  of  TB  700-2  that  require  modification.  The  priming 
of  the  central  test  item  requires  exacting  definition  to  insure  methods 
are  standardized  and  results  meaningful.  It  is  of  the  utmost  importance 
to  prime  an  item  so  the  main  charge  is  subjected  to  the  initiating  stimuli 
and/or  explosive  shock.  Priming  that  foils  this  could  result  in  an  under- 
classification  that  does  not  indicate  the  hazards  in  shipping  or  storage 
of  the  test  itomo.  Oneexaruple  to  illustrate  the  point  is  the  TB  700-2 
teats  of  a round,  containing  explosive  sub-missile.  Priming  of  the  round 
results  in  the  almost  harmless  discharge  of  the  contents.  However, 
priming  of  one  sub-missile  results  in  most  cases  in  a high  order  detona- 
tion of  the  main  charge;  the  complete  cargo  of  sub-missiles. 

A second  area  requiring  revision  or  rather  addition  is  interpreta- 
tion of  results.  There  is  no  criteria  for  establishing  hazard  classi- 
fication based  on  test  results  obtained  on  end  items  of  ammunition  and 
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explosive,  rocket  Motors  tar  devices  containing  solid  propellants.  It 


Is  In  this  area  that  naneurwnrnta  of  overpressures,  fragmentation  and 
m equivalency  are  essential  for  hazard  classification.  Basse  measure- 
ment* would  enable  quantitative  values  to  be  established  for  quantity  - 
distances  and  caqatlbllltgr  grouping.  To  accomplish  their  measurements, 
lnatrunentatlon  Is  needed.  Belying  on  hnaan  sensors  proves  to  varied 
and  uncertain  to  establish  accurate  values.  The  Instrumentation  and 
procedures  deemed  necesaary  moat  be  fully  described  In  IB  700-2  to  make 
aura  sufficient  data  la  Obtained. 

The  minimum  test  criteria  for  bulk  coapoeltlcas  In  chapter  3 requires 
reevalnation  and  revision.  For  one  thing.  It  does  not  Include  pyrotech- 
nics. Bor  are  tests  applicable  to  gels  or  slurry s.  And  most  Important, 
the  tests  are  conducted  an  small  samples  of  aatmrlal  and  not  on  the 
size  or  configuration  of  the  material  in  shipping  or  storage. 

But  rather  than  delve  an  the  shortcomings  of  TB  700-2,  let  us  again 
reiterate  that  there  is  a need  far  revision.  This  does  not,  however, 
preclude  the  use  of  the  procedures  in  TB  700-2. to  Obtain  data  to  enable 
the  hazard  classification  of  Qrdnmce  items  and  related  materials  In 
whipping  and  storage.  Kith  this  Objective  In  mind,  I would  like  to  •. 
relate  our  most  recent  hazard  classification  tests  to  Illustrate  how 
TB  700-2  works. 

▲ aeries  of  testa  were  conducted  with  8"  XKlfififcl  Propelling  Charges 
In  B#ubG  Containers  at  Timm.  Proving  Ground  under  the  technical  supervision 
of  Plcatlncy  Arsenal.  The  testa  conducted  were  those  prescribed  In  Army 
Technical  Bulletin  TB  700-2  and  TfT  equivalency  testa.  Testa  were  con- 
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ducted  u described  In  Table  4 of  IB  700-2,  "Mini mm  Test  Criteria  far 


Determining  Hazard  Classification  of  Gun  Type  Propellants  for  Cannon, 

Gan  Tabs,  Btoortar  and  Bocket  Motors  Op  to  8 Inch  Disaster";  Min  1mm  Test 

Criteria  - Finished  I tens.  These  consisted  of  single  charge  detonation 
(Teat  A),  sympathetic  detonation  (Test  B),  and  external  beat  teat  (Teat  C). 

The  8-lrch  propelling  charge,  XH188K1  Is  of  the  separate-loading 
typo*  It  la  a two- increment  "shite  bag"  charge,  31  Inches  long  by  8 
Inches  In  disaster.  The  charge  consists  of  hlgi-energy  propellant, 

M30EL.  The  3SCL88KL  propelling  charge  is  packed  provisionally  In  aetal 
container,  S$46o.  The  final  pack  will  ha  In  aetal  container.  Ft  66.  The 
containers  differ  only  In  size  and  did  not  Influence  tests  results. 

A total  of  five  detonation  tests  (Test  k)  sere  conducted.  Bach 
XMlfi&Bl  Propelling  Charge  saa  patinod  with  a 30  gran  explosive  booster 


(Composition  C-4)  and  an  engineering  special  blasting  cap.  The  pained 
lien  sns  placed  upright  in  the  center  of  the  test  area.  Mo  explosions 
occurred  In  the  five  tests  conducted  when  the  pained  itens  were  lired. 


In  each  Instance,  the  cantr'  «r  ruptured  end  strew  approximately  a 120- 
foot  diene  ter  s?*s  with  burning  and  unburned  propellant.  TUT  equiva- 
lency was  0 to  l.jft.  The  container  broke  Into  mainly  three  fragments; 
the  top,  bottom  and  container  tube.  The  lottos  reunited  in  the  crater. 
The  container  tubes  were  ruptured  In  various  Jagged’  shapes  and  thrown 
frcM  6 to  5k  feet.  The  tope  were  thrown  up  to  2*0  feet.  A few  large 
fragments  were  found  thrown  up  to  100  fset.  The  craters  produced  mere 
snail  and  circular,  approximately  4 inches  In  depth  and  24  inches  in 


diameter. 


Although  not  required,  based  on  results  of  Teat  A,  two  sympathetic 
detonation  tests  were  conducted,  t-  the  Initial  test,  the  primed  doner 
container  was  ruptured  at  the  bottom . A large  amount  of  propellant 
burned  near  the  rupture  - in  excess  o.f  10  minutes.  The  stack,  including 
a top  container  was  still  lntacted  and  held  by  the  steel  strapping.  The 
acceptor  was  scorched  and  had  slight  dent.  There  was  unburned  propellant 
strewn  out  from  the  rupture  up  to  35  feet  in  one  direction.  There  was 
Ojt  TNT  equivalency.  The  second  test  the  donor  ruptured  and  dispersed 
the  stack.  There  was-  a small  fire  near  the  stack  and  a lot  of  unburned 
propellant  strewn  around.  The  top  of  the  donor  was  blown  18  feet  away 
and  the  bottom  remained  in  the  crater  produced.  The  container  tube  was 
ruptured  in  a Jaggs!  form  and  thrown  15  feet.  The  acceptor  was  Intact 
except  for  a dented- in  side  and  thrown  45  feet.  The  heavier  sand  filled 
containers  were  thrown  from  2 to  21  feet  in  a circular  pattern  from  the 
center  of  the  target  area.  The  TNT  equivalency  was  1.4^.  Crater  was 
4- inches  deep  by  10  inches  in  diameter.  No  detonations  of  the  donor  or 
acceptor  were  obtained. 

One  external  heat  test  was  conducted.  Seven  m46o  containers  con- 
taining XM188E1  Propelling  Charges  were  arranged  on  a wooden  crib  and 
bonded  together  with  steel  bonds.  The  containers  and  combustible  mater- 
ials were  saturated  with  107  gallons  of  diesel  fuel.  The  assembly  was 
initiated  at  two  places  with  electric  squibs  and  smokeless  powder.  An 
Intense  fire  resulted  rather  quickly.  First  report  was  heard  after  one 
minute.  Seven  distinct  reports  were  heard  within  a space  of  three  min- 
utes. Balls  of  fire  and  smoke  followed  each  report  as  propellant  was 
released  into  the  fire  from  the  ruptured  containers.  TNT  equivalency 
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v&b  0.  All  tbe  cans  ruptured  and  'burned.  Large  fragments  of  the  cans 
were  thrown  up  to  270  feet.  Top  lids  traveled  up  to  5 00  feet  from  the 
fire.  No  detonations  were  obtained  during  the  external  heat  test. 

TdT  equivalencies  were  obtained  with  paper  blastmeters.  Calibra- 
tion was  conducted  with  l/2,  1,  and  5 pound  TNT  blocks  at  15  and  30 
feet  from  center  of  target. 

Based  or  the  results  obtained,  a recommendation  was  made  for  AMC 
and  DOT  hazard  classification  on  the  XM168E1;  and  by  analogy,  the  XM123E2 
and  XM201  Propelling  Charges  in  metal  containers  as  follows: 

AMC  Hazard  Class  - 2 

AMC  Compatibility  Group  - J 

DOT  Bill  of  Lading  Class  - Explosives  5 

DOT  Container  Marking  - Propellant,  Explosive  (Solid)  Class  B 
In  conclusion,  tests  run  in  accordance  with  procedures  in  TB  700-2 
provide  sufficient  data  for  AMC  and  DOT  hazard,  classification.  That 
is  what  the  Safety  Engineer  needs  to  insure  protection  of  personnel  and 
property.  Indiscriminate  selection  of  additional  tests  can  only  result 
in  unnecessary  expenditure  of  funds  and  manpower.  Revision  to  TB  700-2 
should  be  geared  to  provide  procedures  for  every  material/assembly/com- 
ponent and  to  yield  more  quantitative  measurements  to  insure  proper 
classification. 
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TNT  EQUIVALENCY  INVESTIGATIONS 


H.  S.  NAPADENSKY 

IIT  RESEARCh  INSTITUTE,  CHICAGO,  ILLINOIS 
L.  JABLANSKY 

MANUFACTURING  TECHNOLOGY  DIRECTORATE 
PICATINNY  ARSENAL,  DOVER,  NEW  JERSEY 


ABSTRACT 


As  part  of  the  Army's  plant  modernization  program,  an  effort 
is  currently  under  way  to  generate  airblast  data  for  explosives 
and  propellants.  The  purpose  is  to  provide  realistic  data  in 
support  of  structural  designs.  In  this  work,  peak  pressure,  im- 
pulse and  other  blast  wave  characteristics  are  compared  to  similar 
parameters  obtained  from  a hemispherical  surface  burst  of  TNT. 

The  results  are  reduced  to  a TNT  equivalency  value,  which  is  de- 
fined as  the  weight  ratio  of  TNT  to  test-material  for  given  out- 
put conditions.  Various  factors  influence  the  magnitude  of  TNT 
equivalency.  These  include,  charge  geometry,  critical  mass/di- 
mensions, confinement,  distance  from  charge  burst,  and  method  of 
initiation.  This  paper  discusses  the  effects  of  the  different 
variables  from  experimental  and  analytical  viewpoints . It  also 
introduces  new  inferences  about  high  energy  materials  drawn  from 
the  shapes  of  TNT  equivalency  curves,  and  discusses  initiation 
sources  in  terms  of  critical  energy  considerations. 

1.  INTRODUCTION 


The  airblast  parameters  such  as  peak  overpressure,  positive 
impulse,  positive  phase  duration,  etc.  are  being  determined  for 
explosives,  propellants  and  pyrotechnics  in  their  in-process  and 
final  product  forms.  The  data  obtained  from  these  experimental 
investigations  are  being  applied,  by  the  Manufacturing  Technology 
Directorate  of  Picatinny  Arsenal,  to  designs  of  new  manufacturing 
acilities  as  part  of  the  Army's  Ammunition  Plant  Modernization 
Program . 

If  building  construction  and  quantity-distance  siting  are 
based  on  evaluations  of  the  maximum  airblast  output  that  an 
energetic  material  is  capable  of  achieving,  then  the  cost  of  new 
manufacturing  facilities  may  be  reduced  and/or  safety  can  be 
improved.  When  building  construction  and  siting  are  based  on 
maximum  output,  changes  in  the  mnnuf acturing  process  can  be 
implemented  or  new  equipment  may  be  used  without  concern  that 
the  facility  would  not  survive  an  accidental  explosion. 
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The  measured  airblast  parameters  for  a material  of  interest 
is  often  viewed  on  a relative  basis,  that  is,  it  is  compared  with 
the  airblast  produced  by  a hemisphere  or  sphere  of  TNT.  The  con- 
vention that  is  most  frequently  used  in  defining  TNT  equivalency 
is  that  it  is  the  ratio  of  the  weight  of  a hemisphere  of  TNT  to 
the  weight  of  the  test  material  that  will  give  the  same  peak  pres- 
sure, or  impulse,  at  the  same  distance.  The  ratio  is  multiplied 
by  100  so  that  the  TNT  equivalency  is  expressed  as  a percentage.* 
The  reason  that  TNT  equivalency  is  most  often  defined  with  respect 
to  a hemispherical  surface  burst,  as  the  reference  shape,  is  be- 
cause the  most  extensively  documented  data  on  the  blast  wave 
parameters  for  TNT  have  been  obtained  for  the  hemispherical  shape 
(Ref.  1). 

It  is  well  established  for  explosives  that  the  values  of  the 
airblast  parameters  at  a given  distance  will  depend  upon  charge 
geometries.  It  is  occasionally  suggested  that  the  TNT  equivalency 
should  be  defined  or  referenced  with  respect  to  the  same  geometry 
as  the  test  material  (i.e.  a propellant  cylinder  of  L/D=l  should 
be  compared  with  a TNT  cylinder  of  L/D=l,  etc.).  However,  this 
suggestion  is  not  practical  for  investigations  in  support  of 
facilities  modernization  because  it  would  require  that  TNT  be 
evaluated  in  geometric  shapes  that  are  the  same  as  that  of  the 
test  material  (hoppers,  pipes,  etc)  or  that  all  tests  be  done  on 
spheres  or  hemispheres  of  the  test  material.  Either  suggestion 
is  impractical  for  at  least  two  reasons:  it  would  be  too  costly 
to  evaluate  both  TNT  and  the  test  material  in  the  various  shapes 
in  which  in-process  materials  are  found,  and  secondly,  if  only 
hemispheres  were  evaluated,  it  would  not  allow  us  to  take  into 
account  the  significant  effect  of  charge  geometry  on  the  ampli- 
tude of  the  blast  wave. 

In  order  for  meaningful  comparisons  to  be  made  between  the 
material  being  tested  and  TNT,  the  blast  wave  shapes  must  be 
similar,  Figure  1.  It  is  not  necessary  that  rigorous  require- 
ments of  similarity  (dynamic  and  kinematic)  be  met;  only  that  a 
sharp  rise  in  pressure  and  exponential  decay  of  the  wave  be  ob- 
tained. Pressure-distance  and  impulse-distance  curves  for  the 
test  sample  may  or  may  not  be  parallel  to  the  TNT  curve.  Whether 
or  not  it  is  parallel  will  depend  on  composition,  which  depends 
upon  energy  density,  oxygen  balance  and  other  factors.  In  any 
event,  much  can  be  gleaned  from  the  curve  shapes  derived  from 
such  studies,  and  those  will  be  analyzed  with  respect  to  the 
TNT  equivalency  phem  mienon  . 


* For  example,  suppose  a 1 lb  TNT  hemisphere  gives  the  same  peak 
pressure  at  a given  distance  as  a 10  lb  cylindrical  propellant 
charge.  The  TNT  equivalency  of  the  propellant  is  considered  to 
be  10  percent,  1/10  x 100,  at  that  distance. 
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This  paper  is  primarily  concerned  with  a discussion  of  the 
factors  that  affect  the  blast  output.  Results  of  experiments 
on  a variety  of  energetic  materiais  will  be  used  to  illustrate 
how  variables  such  as  charge  size,  geometry,  confinement,  ini- 
tiation method,  etc.,  influence  the  blast  wave  and  hence  TNT 
equivalency.  Based  on  the  results  of  experiments  we  will  also 
show  that  materials  can  be  divided  into  two  broad  categories 
which  we  call  high  explosives  and  marginal  explosives.  The  cate- 
gory into  which  a material  is  placed  is  determined  by  the  shape 
of  its  TNT  equivalency  curve.  In  other  words  it  depends  upon 
the  extent  to  which  the  pressure-distance  and  impulse-distance 
curves  for  the  test  material  are  parallel  to  or  deviate  from 
the  TNT  pressure  and  impulse  curves.  An  understanding  of  the 
factors  affecting  airblast  output  is  important  in  planning  exper- 
iments, interpreting  their  results  and  in  the  intelligent  use  of 
experimental  data. 

2.  FACTORS  AFFECTING  BLAST  OUTPUT 

For  all  materials  the  airblast  output  decreases  with  an  in- 
crease in  distance.*  The  degree  or  extent  of  that  decrement  de- 
pends primarily  upon  two  factors.  One  has  to  do  with  kinetics 
of  the  reaction  (a  characteristic  of  the  explosive  or  propellant 
composition) , the  other  concerns  charge  geometry.  These  and  other 
conditions  which  affect  the  decay  of  the  blast  wave  with  distance 
will  be  discussed  in  the  following  sections. 

2 . 1 Properties  of  the  Material 

If  the  pressure  vs  scaled  distance  and  scaled  impulse  vs 
scaled  distance  curves  for  TNT  and  the  test  material  were  paral- 
lel, then  a single  value  for  TNT  pressure  equivalency  and  a single 
value  for  TNT  impulse  equivalency  would  exist.  However,  the 
curves  for  the  two  materials  would  be  parallel  only  if  the  blast 
waves  were  completely  similar  (i.e.  met  the  rigorous  definitions 
of  kinematic  and  dynamic  similarity).  If  TNT  and  the  test  mate- 
rial had  the  same  geometry  and  approximately  the  same  energy 
density  (energy  release  per  unit  volume)  and  the  same  oxygen  bal- 
ance we  would  expect  complete  similarity  of  the  blast  wave  and 
the  curves  would  be  parallel. 

However,  in  the  applications  discussed  in  this  paper,  involv- 
ing primary  explosives,  secondary  explosives,  propellants  and 
pyrotechnics,  the  materials  have  widely  different  energy  densi- 
ties. The  overpressures  produced  by  materials  of  lower  energy 
densities  than  TNT,  are  lower  close  to  the  source  and  higher  at 
large  distances.  The  opposite  is  true  for  the  higher  energy 


* There  is  evidence  to  the  contrary,  for  impulses  at  scaled 
distances  less  than  2.5  (see  Ref.  1). 
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density  materials.  They  have  higher  initial  overpressures,  but 
lower  overpressures  at  large  distances  from  the  charge.  This  is 
primarily  because  energy  is  dissipated  at  a much  higher  rate  in 
shock  fronts  of  higher  overpressure. 

The  oxygen  balance  of  the  ma  erial  being  evaluated  is  also 
important.  If  a composition  has  a negative  oxygen  balance,  i.e. 
deficient  in  oxygen,  the  detonation  products  can  react  with  the 
oxygen  in  the  air,  in  a process  called  afterburning  which  results 
in  a greater  blast  effect. 

These  effects  are  illustrated  in  Figure  2,  which  shows  the 
results  of  tests  on  nitroglycerin  (Ref.  2)  and  N-5  paste  propel- 
lant (Ref.  3)  containing  10  percent  process  water.  Both  mate- 
rials are  in  a cylindrical  container,  L/D=l.  The.  energy  density 
as  measured  by  the  heat  of  detonation  is  1590  cal/gm  for  nitro- 
glycerin and  for  N-5  propellant  it  is  approximately  1200  cal/gm. 
Thus,  in  comparing  nitroglycerin  with  N-5  propellant  we  see  that 
close  to  the  charge  the  pressure  is  much  higher  for  the  material 
with  the  higher  heat  of  detonation,  but  as  the  distance  from  the 
charge  increases  the  differences  between  the  two  materials  de- 
creases. At  larger  scaled  distances  than  shown  here  we  would 
expect  the  N-5  curve  to  approach  and  finally  cross  the  nitro- 
glycerin curve. 

2.2  Geometric  Effects 


It  is  well  established  that  for  high  explosives,  (Refs.  4,5,6) 
the  blast  wave  shape  and  the  airblast  parameters  of  nonspherical 
charges  differ  significantly  from  spherical  charges.  These  dif- 
ferences are  most  pronounced  close  to  the  charge.  As  the  dis- 
tance. from  the  charge  increases  the  blast  wave  tends  toward  sphe- 
ricity and  the  blast  wave  parameters  approach  that  of  a point 
source . 

The  geometric  shapes  evaluated  in  our  investigations  were 
shapes  that  simulated  actual  process  or  shipping  container  con- 
figurations. Hence,  no  spherical  or  hemispherical  configurations 
were  evaluated  (with  the  exception  of  a single  test  on  4500  lb 
of  black  powder  (Ref.  7)  and  the  routine  calibration  tests  on 
hemispheres  of  C4  explosive).  The  effect  of  charge  geometry  on 
the  peak  overpressure  can  be  illustrated  by  considering  test 
results  for  nitroglycerin,  (tested  in  cylindrical  containers  of 
L/D“l) , with  the  peak  pressure  distance  curve  for  a hemisphere 
of  TNT,  Figure  3.  The  difference  in  the  heat  of  detonation  be- 
tween TNT  and  nitroglycerin  is  about  13  percent  (1400  and  1590 
cal/gm,  respectively) . The  differences  in  the  two  curves  are 
attributable  to  geometry 
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Another  comparison  can  be  made  between  N-5  propellant  and 
M-l  propellant,  Figures  4 and  5.  The  M-l  propellant  is  packaged 
as  the  M-l  propelling  charge  (Ref.  8)  in  a cylindrical  container, 
L/D=*6,  while  the  N-5  has  an  L/D=l.  The  heat  of  detonation  of 
M-l  propellant  is  almost  identical  to  that  of  N-5  propellant. 

Thus  we  should  only  expect  to  see  the  effects  of  geometry.  Close 
to  the  explosions  the  pressures  are  higher  for  L/D«6  than  the 
1./D--1  as  expected.  Other  work  done  on  the  effect  of  geometry  on 
blast  output  (Ref.  4)  shows  that  close  to  the  charge,  an  increase 
in  L/D  results  in  an  increase  in  peak  pressure.  There  is  some 
evidence  (Ref.  4)  that  this  effect  peaks  at  L/D*6. 

2.3  Confinement  Effects 


The  degree  of  confinement,  as  characterized  by  the  weight 
ratio  of  the  explosive  to  that  of  the  confining  material,  is  an 
important  factor  that  can  affect  the  blast  output.  For  high  ex- 
losives  it  has  been  shown  that  a very  small  amount  of  confine- 
ment results  in  a higher  blast  output  over  that  of  a bare  high 
explosive  charge  (Ref.  9).  This  may  be  due  to  some  spalling  of 
the  bare  charge  from  the  precursor  shock  wave.  As  the  amount  of 
confinement  increases,  the  blast  output  decreases  below  that  ob- 
tained with  a bare  charge.  This  effect  of  confinement  is  some- 
what different  for  materials  that  are  not  high  explosive.  In 
particular,  black  powder  showed  that  as  confinement  increased 
the  blast  output  increased.  Figure  6 shows  qualitatively  how 
the  confinement  affects  the  peak  pressure.  In  all  experiments, 
particular  attention  is  paid  to  ensuring  that  the  amount  of  con- 
finement is  properly  scaled  so  that  the  experiment  simulates  the 
actual  system  that  is  modelled. 

2.4  Effect  of  Mass  and  Critical  Dimension 


In  order  to  determine  maximum  airblast  output,  the  dimensions 
of  the  test  material  must  be  above  some  critical  size.  If  the 
size  is  too  small,  a detonation  will  not  propagate.  The  kinetics 
of  the  reaction  is  a dominant  factor  in  establishing  the  critical 
size  of  an  energetic  material.  Because  kinetic  data  is  not  avail- 
able for  most  of  the  materials  of  interest,  experimental  ap- 
proaches must  be  used.  For  high  explosives  there  is  no  problem 
in  testing  above  its  critical  mass  (and  dimensions)  since  these 
values  are  quite  small.  That  is,  detonation  of  high  explosives 
can  occur  in  charges  weighing  grams  or  less,  and  sizes  that  are 
smaller  than  a centimeter.  Propellants  and  pyrotechnics  general- 
ly have  large  critical  dimensions,  from  several  inches  in  diameter 
to  many  feet.*  Thus  it  is  important  to  ensure  that  tests  are 


* The  critical  diameter  of  a typical  composite  solid  propellant 
is  between  60  and  72  in.  (Ref.  10). 
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carried  out  above  the  critical  diameter,  and/or  mass.  This  is 
accomplished  in  our  studies  by  testing  at  several  different 
charge  sizes  to  assess  the  dimensions  above  which  the  results 
are  independent .of  charge  size.  In  this  way  it  is  experimental- 
ly determined  if  the  results  on  a small  scale  can  be  applied  to 
full  scale  systems.  An  example  of  the  dependence  of  TNT  pres- 
sure and  impulse  equivalency  on  the  weight  of  black  powder  is 
shown  in  Figure  7.  Other  materials  also  exhibit  similar  behavior. 
Thus,  as  a necessary  part  of  TNT  equivalency  studies  we  must 
determine  the  critical  diameter  or  mass  of  the  material  for  the 
type  of  confinement  that  exists  under  the  process  conditions  that 
are  being  simulated.  To  ascertain  if  the  critical  diamecer  and/or 
mass  have  been  achieved,  it  is  necessary  to:  (a)  determine  the 
size  scaling  relationships  experimentally,  i.e.,  to  find  the 
weight  beyond  which  the  curve  for  TNT  equivalency  versus  weight 
(at  selected  distances)  is  flat,  and  (b)  determine  if  the  value 
of  the  experimentally  determined  equivalency  is  consistent  with 
the  order  of  magnitude  that  is  expected  based  on  the  heat  of 
detonation  and  oxygen  balance  of  the  material.  The  latter  two 
parameters  are  only  indicators  of  what  the  magnitude  of  blast  out- 
put should  be,  i.e.,  "high"  or  "low".  They  are  insufficient  in 
themselves  to  be  used  reliably  as  a quantitive  predictive  tool. 

Scaling  techniques  of  the  sort  briefly  described  above  must 
be  used,  since  the  cost  of  full  scale  testing  for  every  material 
would  be  prohibitive.  However,  if  scaled  tests  (weights  of  less 
than  100  lb)  show  low  or  no  blast  output,  then,  depending  upon 
the  physical  variables,  tests  may  have  to  be  carried  out  for 
sizes  that  may  approach  furl  scale  to  insure  that  maximum  output 
has  been  reached. 

2.5  Initiation  Method 


Secondary  high  explosives  are  readily  detonated  with  small 
booster  explosives.  Primary  explosives,  being  more  sensitive,  can 
be  detonated  by  means  of  a hot  wire,  a blasting  cap,  or  a detona- 
tor. However,  propellants  and  pyrotechnics  are  most  readily  or 
conveniently  driven  to  a detonation  by  means  of  an  explosive 
booster  whose  detonation  pressure  is  higher  than  the  detonation 
pressure  of  the  test  material.  In  this  work,  we  do  not  attempt 
to  determine  the  minimum  stimulus  required  for  detonation  be- 
cause this  involves  sensitivity  investigation.  We  are  only  con- 
cerned with  whether  or  not  the  initiator  is  adequate  to  cause  the 
material  to  achieve  its  maximum  possible  energy  release.  Of  course, 
the  initiator  must  not  be  so  large  that  is  makes  a significant 
contribution  to  the  airblast  output.  The  contribution  of  the 
booster  is,  nevertheless  taken  into  account  in  the  calculations 
of  equivalency.  For  many  materials  an  increase  in  airblast  out- 
put may  be  achieved  by  increasing  the  booster  size.  Thus  several 
size  boosters  are  usually  evaluated  in  a test  program  to  ensure 
that  maximum  output  is  obtained.  An  example  of  this  is  shown  in 
Figure  8,  for  M-l  prooellant,  which  shows  the  effect  of  booster 
size  on  TNT  equivalency. 
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Initiation  methods  other  than  using  high  explosive  boosters 
can  be  used  to  initiate  a detonation.  This  subject  will  be 
discussed  in  detail  in  Section  3. 

3.  INFLUENCES  AND  INTERPRETATIONS  OF  BLAST  DATA 

3 . 1 Initiation  Method  and  Critical  Initiation  Energy 

Under  manufacturing  plant,  storage  and  transportation  con- 
ditions, the  most  likely  initial  initiation  stimulus  is  a heat 
source,  causing  burning  of  the  material  to  occur.  The  fire  or 
deflagration  reaction  may  transit  to  a detonation.  The  condi- 
tions under  which  this  can  occur  depends  upon  many  factors  includ- 
ing the  mass  of  material,  the  amount  of  confinement,  its  initial 
temperature,  the  rate  of  temperature  rise,  the  details  of  the 
ignition  source  and  the  way  in  which  the  deflagration  spreads . 

It  is  much  more  expensive  to  carry  out  experiments  where  a trans- 
ition to  a detonation  can  be  achieved,  than  it  is  to  initiate  a 
detonation  by  means  of  a shock  wave  from  a booster  explosive. 
Although  .i  detonation  that  occurs  as  a result  of  the  deflagra- 
tion to  detonation  transition  is  a more  realistic  situation,  the 
end  result,  when  compared  to  a booster  explosive  initiation,  is 
the  same,  i.e.,  detonation  of  the  material. 

The  objective  of  TNT  equivalency  studies  is  to  determine  the 
maximum  output;  it  is  not  essential  to  determine  all  the  ways  in 
which  a detonation  car  occur.  It  is  sufficient  to  show  that  a 
certain  magnitude  reaction  can  be  achieved. 

There  are  several  factors  that  affect  the  initiation  of  an 
energetic  material  by  a shock  wave.  They  are:  the  peak  pressure 
of  the  disturbance,  its  duration,  and  the  surface  area  of  the 
initiaton  source  that  has  a direct  action  of  the  test  material. 

The  shock  wave  can  be  produced  by  a high  explosive  booster,  by 
impact  of  a foil  or  by  a thick  plate  impact.  If  the  foil  and 
plate  are  of  the  same  material  and  velocity  then  the  pressure 
at  the  acceptor  face  is  the  same,  but  the  duration  is  much  smaller 
for  the  foil  than  it  is  for  the  thick  plate.  Similarly,  we  can 
increase  the  duration  of  the  shock  wave  produced  by  an  explosive 
booster,  by  increasing  the  weight  of  the  booster,  where  the  booster 
is  in  contact  with  the  acceptor  material.  It  has  been  shown  for 
three  different  explosive  materials,  using  test  results  of  a 
number  of  investigations,  that  the  shock  sensitivity  of  an  explo- 
sive can  be  characterized  by  a critical  energy  for  initiation, 
i.u.  peak  pressure  and  duration  of  pulse  (Ref.  11).  Conceptually 
this  relationship  is  seen  in  Figure  9.  This  curve  has  been  well 
defined  for  the  region  between  no  reaction  and  ignition  threshold, 
curve  B.  In  Figure  9 we  see  that  in  the  region  between  curves  A 
and  B there  is  a continuum  of  ever-increasing  reaction  intensity 
levels,  as  we  increase  the  pulse  width  for  a given  pressure. 
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In  our  work  the  peak  pressure  of  the  donor  charge  was  con- 
stant (C4  boosters  were  used  in  the  majority  of  the  tests) . The 
duration,  or  pulse  widths,  were  increased  by  using  a range  of 
booster  weights.  Figure  8 shows  the  TNT  equivalency  for  a number 
of  booster  sizes.  As  booster  size  (pulse  duration)  increases, 
the  TNT  equivalency  or  reaction  intensity  level  increases,  until 
a large  enough  booster  is  used  that  no  longer  produces  an  increase 
in  blast  output  in  the  test  material. 

The  same  results  could  have  been  obtained  by  using  a booster 
with  a lower  peak  pressure,  but  longer  pulse  duration.  By  using 
lower  pressure  boosters  or  impact  of  flyer  plates,  we  would  still 
be  able  to  map  out  the  possible  reaction  intensity  levels  that 
the  test  materials  achieve.  This  would  be  the  same  as  already 
achieved  with  C4  boosters. 

In  a study  pyrotechnic  materials  (Ref.  12)  we  achieved  a 
wide  range  of  pressure  and  pulse  widths  (durations)  by  using  the 
gaseous  products  of  the  detonation  of  an  explosive  booster  to 
fill  a large  heavily  confined  air  cavity,  Figure  10,  adjacent  to 
the  pyrotechnic  mix  (50  lb).  Essentially,  the  sequence  of  events 
was  as  follows.  The  explosive  is  detonated  in  a few  micro-seconds 
and  the  reaction  products  expand  into  the  air  cavity.  The  result- 
ing transient  pressure  rapidly  decay  and  a .relatively  quiescent 
state  is  achieved  in  the  air  cavity.  The  initial  pressure  within 
the  cavity  will  depend  upon  the  volume  of  the  cavity  and  the 
quantity  and  type  of  explosive  used.  A series  of  gas  dynamic 
calculations  were  performed  to  determine  the  test  parameters  that 
would  produce  pulse  durations  of  the  order  of  a millisecond  using 
explosives  weighing  approximately  one  pound.  The  air  cavity  ex- 
periments gave  at  least  as  large*  an  airblast  output  as  experi- 
ments where  the  booster  was  placed  inside  the  pyrotechnic  charge. 
The  same  airblast  output  (TNT  equivalency)  was  also  achieved  when 
che  explosive  booster  was  separated  from  the  pyrotechnic  charge 
by  an  air  space,  Figure  11.  In  these  tests  the  booster  explosive 
was  supported  by  a heavy  walled  cardboard  tube,  which  provided 
the  stand-off  distance,  as  well  as  a means  for  preventing  the 
booster  explosion's  gaseous  products  from  venting  to  the  atmo- 
sphere at  the  time  of  detonation.  Thus  in  the  above  mentioned 
air  gap  experiments  the  peak  pressure  was  lower  and  duration  of 
the  shock  wave  was  greater  than  if  the  booster  explosive  were 
inside  the  pyrotechnic  material,  yet  the  airblast  output  from 
pyrotechnics  initiated  by  these  two  methods  was  the  same. 

3 . 2 Categorizing  Energetic  Materials 

On  the  basis  of  experimental  data  on  a variety  of  explosives, 
propellants,  and  pyrotechnics  we  have  observed  that  these  mate- 
rials fall  into  two  categories  which  can  be  described  in  terms 
of  the  shapes  of  their  TNT  equivalency  curves.  The  two  categories 
are  characterized  as  marginal  explosives  and  high  explosives. 
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The  shape  of  the  equivalency-distance  curves  for  materials  that 
we  call  marginal  explosives  can  be  seen  in  Figure  12.  The  TNT 
equivalency  increases  with  scaled  distance  and  reaches  a maximum 
at  a scaled  distance  in  the  neighborhood  of  10  ft/lb  and  then 
decreases.  In  these  cases  the  maximum  value  of  TNT  equivalency 
is  well  below  100  percent.  Materials  that  we  have  evaluated  thus 
far  that  can  be  categorized  as  marginal  explosives  are:  an  in- 
process  form  of  N-5  propellant  containing  30  percent  process 
water,  black  powder,  guanidine  nitrate  (less  than  150  lb  charges), 
tetracene,  lead  azide  and  two  illuminant  pyrotechnic  compositions. 

This  listing  contains  a diverse  range  of  compositions  and  ic 
is  necessary  to  remember  that  energetic  materials  should  be  view- 
ed in  terms  of  both  their  sensitivity  and  explosive  output.  A 
material  such  as  lead  azide  is  very  sensitive,  but  has  a low  ex- 
plosive output.  On  the  other  hand,  TNT  is  a relatively  insensi- 
tive composition  that  has  a relatively  high  explosive  output. 

Materials  that  we  classify  as  high  explosives  have  TNT  equiv- 
alency vs  distance  curves  that  decrease  with  distance  or  are  con- 
stant with  distance  (depending  upon  factors  such  as  charge  geom- 
etry) . Materials  that  we  have  evaluated  that  fall  into  the  cate- 
gory of  materials  that  behave  like  high  explosives,  in  addition 
to  the  secondary  high  explosives,  are  M-l  propellant,  N-5  paste 
propellant  with  10  percent  process  water,  M-30  propellant,  and 
lead  styphnate.  Typical  equivalency  curves  are  shown  in  Figure  5. 

4.  CONCLUSIONS 


We  have  shown  in  this  paper  that  the  airblast  output  and  the 
TNT  equivalency  of  explosives,  propellants  and  pyrotechnic  mate- 
rials depend  upon  many  factors.  In  order  to  design  meaningful 
experiments  and  for  the  resulting  data  to  be  intelligently  applied, 
it  is  important  that  the  many  factors  and  parameters  that  affect 
the  airblast  be  recognized,  and  that  the  data  be  used  in  the  con- 
text in  which  they  were  derived.  In  line  with  this,  it  would  seem 
reasonable  to  assign  a more  descriptive  term  for  TNT  equivalency 
which  would  more  suitably  reflect  the  influence  of  these  variables 
and  would  be  more  useful  to  the  engineer  for  structural  design 
purposes . Such  a term  could  be  designated  as  UTNT  Equivalency 
Profile"  and  would  constitute  a family  of  curves  showing  Impulse 
and  Pressure  Equivalency  versus  Scaled  Distance,  as  well  as  Pressure 
versus  Time  and  Distance  for  various  systems. 
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EFFECTS  OF  CHARGE  SHAPE,  CHARGE  COMPOSITION 
AND  SURFACE  CONDITIONS  ON  BLAST  ENVIRONMENT 

J.  E.  Tanereto 

Civil  Engr  Lab,  Naval  Construction  Battalion  Center 
Port  Hueneme,  CA 


INTRODUCTION 

The  U.  S.  Army  Armament  Command  (ARMCOM)  is  modernizing  ammunition 
facilities  used  in  the  manufacturing,  processing,  and  storage  of  con- 
ventional munitions.  Consistent  with  new  safety  regulations,  protective 
structures  are.  being  designed  to  comply  with  criteria  and  methods  in  the 
TM5-1300  Manual,  Structures  to  Resist  the  Effects  of  Accidental  Explosions 
[1].  A scale-model  cubicle  test  program  to  supplement  material  in 
TM5-1300  was  sponsored  by  Picatinny  Arsenal  (Manufacturing  Technology 
Directorate)  and  conducted  by  CEL. 

The  testing  descibed  in  this  paper  was  conducted  to  determine  the 
effects  of  charge  shape  and  composition  or  the  results  of  the  scale 
model  cubicle  tests,  which  would  use  comr.  ositicn  B cylinders.  The  test 
site  was  also  utilized  for  determining  the  explosive  yield  of  an  RDX 
slurry  of  the  type  stored  in  tanks  used  in  ammunition  production  facili- 
ties. 

A more  detailed  description  of  the  test  program  and  results  will  be 
published  in  a CEL  Technical  Note  [2]. 


OBJECTIVE 

The  primary  test  objectives  were  to  determine  the  effects  of  charge 
shape  and  composition  on  the  pressure-time-distance  relationships  for 
composition  B,  TNT,  and  RDX  slurry  surface  hursts.  Results  should  show 
the  equivalencies  of  composition  B and  RDX  slurry  and  the  effects  of 
using  composition  B cylinders  In  the  cubicle  test  program. 

Secondary  objectives  included  a study  of  the  effects  of  surface 
conditions  and  charge  elevations  on  shock  wave  characteristics.  A 
direct  comparison  of  pressure -time  data  outside  a cubicle  from  the 
detonation  of  cylinders  and  spheres  centered  in  the  cubicle  was  an 
additional  objective  to  be  accomplished  during  the  cubicle  test  program. 


TEST  PROGRAM 
Program  Development 

The  original  test  plan  specified  a direct  comparison  of  air-blast 
parameters  from  detonations  of  TNT  spheres,  composition  B cylinders,  and 
RDX  slurry  containers.  All  charges  were  slightly  elevated  over  a stiffened 
1-inch  steel  plate  to  eliminate  cratering.  Poor  detonation  of  the  center- 
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Initiated  cast  TNT  spheres  precluded  use  of  the  TNT  test  data.  Sinilar 
problems  with  small  TNT  spherical  charges  have  been  reported  by  Fisher 
and  Pitman  of  NOL  [3]. 

The  test  program  was  then  expanded  to  include  surface  bursts  of 
composition  B hemispheres , spheres,  and  cylinders.  The  spherical  and 
hemispherical  data  would  be  compared  with  known  TNT  surface  burst  results 
for  determination  of  TNT  equivalency  of  composition  d.  Results  would 
also  be  compared  to  determine  the  effect  of  charge  shape. 

The  hemispherical  composition  B charges  were  detonated  on  sand  and 
on  a replaceable  4 -inch  steel  plate  to  determine  which  condition  produced 
the  most  consistent  results  for  surface  bursts.  The  test  results  indi- 
cated that  the  steel  plate  should  be  used  for  the  subsequent  surface 
burst  tests  of  composition  B spheres  and  cylinders. 

Spherical  composition  B charges  were  also  detonated  from  small 
elevations  so  that  the  effects  of  small  heights  of  burst  could  be 
evaluated  for  both  spheres  and  cylinders.  This  information  was  then 
used  to  evaluate  the  elevated  RDX  slurry  tests.  Table  1 summarizes  the 
test  program. 

Explosives 

Cast  composition  B hemispheres,  spheres  and  cylinders  (L/D  ■ 1)  and 
cylindrical  rigid  plastic  containers  of  an  RDX  slurry  were  used.  Physical 
characteristics  of  the  explosives  and  detonation  details  are  shown  in 
Figure  1 . 

Test  Site 

Testing  was  conducted  at  the  Pacific  Missile  Range,  Point  Mugu, 
California.  Three  gage  lines,  each  originating  at  ground  zero,  were 
placed  at  90  degrees  to  each  other.  The  ground  surface  along  each  gage 
line  was  leveled  and  covered  out  to  a range  of  52  feet.  Except  for  a 
4 x 4-foot  area  centered  on  ground  zero,  the  firnt  10  feet  of  the  l^nes 
was  covered  with  a steel  plate  4 feet  vide  by  1/4  inch  thick.  From  10  to 
52  feet,  the  lines  were  covered  with  3/4-inch  plywood.  Surface  condi- 
tions at  ground  zero  are  summarized  in  Table  1 . Pressure  transducers 
were  located  on  each  line  at  2,  4,  8,  16,  32,  and  50  feet  from  ground 
zero.  Each  transducer  was  mounted  in  a steel  jacket  encased  in  1 cubic 
foot  of  concrete.  The  concrete  block  was  buried  so  that  the  pressure 
gage  was  flush  with  the  ground  surface. 

Instrumentation 

Piezoresistive  pressure  transducers  (HFG  series  by  Tyco  Instrument 
Division,  Bytex,  Inc.),  designed  to  measure  dynamic  overpressures,  were 
placed  in  accordance  with  the  predicted  pressure  at  each  gage  location. 


The  pres sure 'tine  data  was  recorded  on  magnetic  tape  and  t'^n 
digitized.  The  digitized  data  was  integrated  to  obtain  an  impulse “time 
record,  which  was  displayed  on  a hard  copy  plot  with  the  pressure -time 
record. 

Quick- look  data  was  provided  by  an  oscillograph  plotter  after  each 
test. 

Test  Data 

A typical  computer  printout  of  pressure-time  and  impulse-time  data 
plots  is  displayed  in  Figure  2.  Peak  pressure  and  maximum  impulse  were 
taken  directly  from  this  plot  of  the  digitized  data.  The  end  of  the 
positive  phase  duration  was  taken  at  the  point  of  maximum  Impulse. 

Gages  at  ranges  of  16,  32,  and  SO  feet  generally  exhibited  overshoot 
due  to  ‘“ringing*'  of  the  gage  diaphragm  whose  natural  frequency  was 
nearly  that  of  the  peak  pressure  loading.  The  positive  phase  duration 
at  these  ranges  was  long  enough  so  that  an  exponential  curve  could  be 
fitted  through  the  average  of  the  data  points  to  obtain  the  correct  peak 
pressure.  Since  large  segments  of  the  exponentially  decaying  curve  will 
plot  as  a straight  line  on  a log  pressure  versus  time  plot  [4],  these 
curves  were  also  generated  to  aid  in  curve  fitting.  The  log  pressure 
plot  expanded,  straightened  and  reduced  the  slope  of  the  fitted  curve 
and  thus  allowed  for  better  and  more  consistent  peak  pressure  analysis 
of  “ringing"  gages.  Since  the  “ringing"  was  balanced  around  the 
average  pressure-time  plot,  there  was  no  need  to  correct  the  Impulse 
data.  Positive  phase  duration  was  unaffected. 

Pressure  and  impulse  measurements,  from  repeated  tests  and  multiple 
gage  lines,  were  averaged  and  plotted.  Table  1 summarizes  the  number 
of  measurements  averaged  per  plotted  value  and  the  figure  numbers  where 
the  average  data  points  are  plotted.  Tables  of  individual  measurements 
are  presented  in  Reference  2.  Positive  phase  durations,  not  presented 
here,  are  also  included  in  Reference  2. 


DATA  ANALYSIS 

The  surface  burst  tests  of  the  spherical  and  hemispherical  composition 
B charges  were  conducted  for  comparison  with  TNT  surface  burst  data  from 
similarly  shaped  charges.  These  tests  give  the  basis  for  evaluating  the 
cylindrical  composition  B test  data  by  determining  the  best  surface  to 
use  for  the  test  program,  by  providing  a check  on  the  instrumentation 
system,  and  by  yielding  the  equivalency  of  composition  B,  The  concept 
of  charge  weight  equivalency  is  then  used  to  describe  the  effect  of 
charge  shape  on  air  blast  parameters. 

The  surface  burst  and  small  height  of  burst  data  on  cylinders  and 
hemispheres  are  used  to  help  evaluate  the  results  of  the  elevated  RDX 
slurry  tests.  The  RDX  slurr,  data  is  then  compared  to  the  hemispherical 
surface  burst  curves  by  using  charge  weight  equivalency. 
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The  effect  of  charge  shape  and  charge  weight  on  the  environment 
outside  a three-wall  cubicle  is  shewn  by  directly  comparing  peak  pressures, 
scaled  impulses,  and  scaled  durations. 

Effect  of  Surface  Conditions 

The  two  surface  conditions  considered  to  be  the  easiest  to  repeat 
with  consistency  throughout  the  test  program  were  a dry  sand  surface 
ti>at  could  %£  refilled  after  each  test  and  a hard  steel  surface  that 
could  be  replaced  as  required.  The  hemispherical  surface  bursts  were 
conducted  on  both  of  these  surfaces  to  determine  the  surface  effect  on 
pressure  and  impulse  results.  The  results  shown  in  Figures  3 and  4 from 
tests  on  the  steel  surface  agree  very  well  with  TNT  data  while  results 
from  tests  on  the  sand  surface  are  significantly  lower.  Since  composi- 
tion B output  is  known  to  be  at  least  equivalent  to  that  of  TNT,  it  was 
determined  that  the  hard  steel  surface  would  best  serve  the  purposes  of 
the  test  program.  As  shown  in  Figures  3 and  4,  an  extreme  difference 
in  surface  hardness  has  a significant  effect  on  blast  yield  at  scaled 
distances  less  than  about  20  ft/lbl/3. 

TNT  Equivalency  of  Composition  B 

The  composition  B hemispherical  and  spherical  surface  burst  data  are 
compared  to  data  from  similar  tests  [5,6, 7,8]  of  larger  quantities  of 
TNT  in  Figures  3,  4,  5,  and  6.  Differences  are  small. 

Peak  pressure  from  the  hemispherical  composition  B surface  burst, 
detonated  on  a plate,  is  virtually  the  same  as  that  from  TNT  (see 
Figure  3).  Similar  results  were  obtained  with  spheres.  The  spherical 
composition  B peak  pressure  teat  values  fail  on  one  or  the  other  of  the 
TNT  curves  (see  Figure  5) . 

Scaled  Impulses  from  composition  B and  TNT  hemispherical  and  spherical 
surface  bursts  are  compared  in  Figures  4 and  6.  Agi.  >uent  between  the 
composition  B data  (on  a steel  plate)  and  TNT  data  is  good. 

It  was  anticipated  that  composition  B and  TNT  charges  of  the  same 
shape  and  under  similar  conditions  would  have  almost  identical  blast 
yield.  TM5-1300  gives  the  TNT  equivalencies  for  composition  B at 
pressures  between  2 and  50  psi  as  1.10  for  peak  pressure  and  1.06  for 
Impulse.  In  order  to  experimentally  measure  these  equivalencies,  one 
must  be  able  to  measure  a ratio  in  the  scaled  distances,  at  the  same 
pressure  or  impulse,  of  1.03  (1.10^/^)  and  1.02  (1.06^^),  respectively. 
Determining  such  a low  equivalency  was  not  possible  because  of  (1)  the 
magnitude  of  the  standard  deviation  and  (2)  the  relatively  small  number 
of  data  points.  It  is  important  to  note  that  the  standard  deviation 
reflects  natural  differences  between  identical  tests  as  well  as  experi- 
mental error.  The  difference  between  Distant  Plain  Event  6 [6]  and 
Prairie  Flat  [7,8]  (shown  in  Figure  5)  is  an  example.  At  the  lower 
pressure  levels  the  two  similar  tests  differ  by  more  than  10%.  This 
difference  can  be  attributed  to  many  factors  including  blast  anomalies, 
test  site  differences,  and  experimental  error. 


Shape  Equivalency 

It  is  recognized  that  charge  shape  hts  a significant  effect  on  air- 
blast  parameters.  Results  from  charges  of  different  shapes  are  compared 
in  the  literature.  References  9 through  11  are  examples  of  previous 
studies.  In  these  references,  peak  pressure  measurements  were  compared 
by  taking  their  ratio  at  given  scaled  distances.  An  alternative  method 
would  be  to  show  the  ratio  of  equivalent  weights  that  produce  the  same 
pressure  (or  impulse)  at  the  same  ground  range. 

Figures  7 and  8 present  composition  B cylindrical  surface  burst  test 
results.  These  results  can  now  be  compared  with  the  spherical  and 
hemispherical  results  to  determine  shape  equivaleucy. 

Pressure  Equivalency.  Peak  pressures  from  hemispherical,  spherical, 
and  cylindrical  surface  bursts  are  compared  in  Figure  9.  The  spherical 
and  cylindrical  curves  are  from  composition  B test  results.  The  hemi- 
spherical relationship  is  taken  from  TM5-1300  for  a TNT  surface  burst, 
though  composition  B results  can  be  considered  to  be  identical  for  our 
purpose.  Equivalent  weight  ratios  for  pairs  of  charges  of  different 
shape  are  shown  in  Figure  10.  As  expected,  equal  weights  of  the  sphere 
and  cylinder  produce  higher  pressures  than  a hemisphere  at  the  smaller 
scaled  distances  and  lower  pressures  at  the  greater  scaled  distances. 

The  composition  B test  data  was  limited  to  a minimum  scaled  distance  of 
2.80  ft/lb^/3.  Data  from  Reis] er  [6]  indicates  that  the  equivalent 
weight  of  a hemisphere  to  that  of  a sphere  has  a maximum  value  of  3.2S 
lb/lb  at  a scaled  distance  of  2 ft/lb1 /3.  Data  is  not  available  for 
cylinders  at  scaled  distances  less  than  about  3 ft/lb^/3. 

The  high  equivalency  values  are  not  unusual.  The  basic  pressure 
curves  for  spheres  and  hemispheres  are  well  documented  but  are  not 
usually  compared  in  this  manner.  Since  pressure  (and  impulse)  changes 
are  relatively  insensitive  to  weight  changes  (z  a 1 /;?] < 3) , equivalent 
weights  amplify  the  pressure  (or  impulse)  differences.  Nrte  that  at  a 
scaled  distance  of  2 ft/lb^/3,  the  paak  pressure  of  a sphere  is  about 
twice  that  of  a hemisphere,  but  the  equivalent  weight  of  the  hemisphere 
to  produce  that  pressure  is  3.25  times  the  weight  of  a sphere. 

Impulse  Equivalency . Scaled  unit  impulses  from  hemispherical, 
spherical,  and  cylindrical  surface  bursts  are  compared  in  Figure  11. 

The  spherical  and  cylindrical  curves  are  from  the  composition  B test 
results.  The  hemispherical  relationship  is  taken  from  Kingery’s  TNT 
cats  £5).  The  hemispherical  composition  B results  were  in  good  agree- 
ment with  the  TNT  results  (Figure  A) . The  TNT  data  was  used  since  it  is 
a composite  of  many  large  scale  tests  and  since  the  differences  between 
TNT  and  composition  B are  not  measurable  within  the  accuracy  of  our 
recording  system.  Thus,  the  effect  of  charge  shape  on  impulse  is  the 
result.  Considering  the  scatter  of  impulse  data,  the  only  significant 
differences  occur  at  scale  distance.;  less  than  about  6 ft/lbl/3.  The 
scaled  impulses  of  the  cylinder  and  sphere  peak  much  higher  than  those 
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of  the  hemisphere  (42  versus  26  psi-msec/lb^ and  at  a slightly  larger 
scaled  distance.  The  data  also  shows  the  usual  trend  of  scaled  impulse 
data  to  fall  from  the  peak  value  (near  3 ft/lbl/3)  until  it  again  in- 
creases with  decreasing  scaled  distance. 

Because  of  the  slope  reversal  in  the  impulse  data  near  a scaled 
distance  of  3 ft/lb^/3,  there  is  a discontinuity  in  equivalent  weights. 
(Equal  impulse  lines  are  at  a 45-degree  slope  on  the  scaled  impulse 
versus  scaled  distance  plots.  Pairs  of  scaled  distance  values  that  fall 
on  these  45-degree  lines  describe  the  weight  equivalency.  A point-by- 
point  analysis  produces  a discontinuity  when  the  scaled  impulse  curve 
reverses  slope  to  one  greater  than  45  degrees.  This  occurs  at  the  peak 
of  the  lower  curve  when  values  are  being  calculated  point  by  point  at 
decreasing  scaled  distances.)  For  this  reason  the  impulse  equivalency 
curve  in  Figure  12  for  Wj,em/WCyi  is  terminated  at  3.2  ft/lb^/3.  Results 
for  a sphere  (Wfcem/Wsph)  would7 nave  been  similar  within  the  same  range 
of  scaled  distances.  (Figure  11  shows  good  agreement  between  the  sphere 
and  cylinder  for  scaled  Impulses  at  scaled  distances  greater  than 
3 ft/lbl/3.) 

Effect  of  Small  Heights  of  Bjrst 

The  RDX  slurry  tests  had  originally  been  detonated  at  small  elevations 
over  a stiff  steel  plate  to  reduce  cratering  and  to  simplify  the  test 
setup.  They  were  to  be  compared  directly  to  TNT  spheres  at  the  same 
elevation,  but  improper  detonation  of  the  TNT  charges  made  that  impossible. 
Composition  B cylinders  and  spheres  were  detonated  at  small  heights  of 
burst  to  see  how  the  results  differed  from  those  of  surface  bursts.  The 
cylinders  were  elevated  3 radii  (ground  surface  to  center  of  gravity  of 
charge)  and  the  spheres  were  elevated  3 radii  of  a cylinder  of  the  same 
weight.  Table  1 summarizes  the  heights  of  burst  for  the  different 
charges. 

Peak  pressures  and  scaled  unit  impulses  for  the  elevated  spheres  and 
cylinders  are  compared  in  Figure  13.  Data  points  from  the  elevated  tests 
are  plotted  with  the  best  fit  curves  from  the  surface  burst  tests.  Small 
differences  in  peak  pressure  occur  at  levels  above  100  psi  with  the 
elevated  results  being  slightly  lower.  Elevating  the  charges  reduced 
the  peak  in  the  impulse  curve  near  the  scale  distance  of  about  3 ft/lb^/3. 

Equivalency  of  RDX  Slurry 

The  RDX  slurry  peak  pressure  and  scaled  impulse  data  are  compared  to 
TNT  hemispherical  results  in  Figurer  14  and  15.  The  TNT  pressure  data 
was  taken  from  TM5-1300  and  the  impulse  data  from  Kingery  [5],  The 
equivalent  weight  ratios  (Wxnt/^s lurry)  were  calculated  from  these  figures 
and  are  displayed  li.  Figure  16.  The  pressure  equivalency  is  highest 
(1.80  lb/lb)  at  a scaled  distance  of  5.2  ft/lb^'3.  The  impulse  equiva- 
lency peaks  at  1.40  lb/lb  at  a scaled  distance  of  6 ft/lb^/3#  The  small 
height  of  burst  of  the  RDX  slurry  charges  probably  reduced  the  output  at 
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i scaled  distances  less  than  about  4 ft/lb  (see  previous  section) . To 

: allow  for  this  height  of  burst  effect,  it  is  recommended  that  the  peak 

equivalency  values  be  used  for  decreasing  scaled  distances  as  shown  by 
j the  dashed  lines  in  Figure  16. 

! Inspection  of  Figure  15  (with  the  knowledge  that  equal  impulses  occur 

| on  45-degree  lines)  shows  that  at  a scaled  distance  near  2.7  ft/lb^/3  a 

i discontinuity  in  impulse  equivalency  occurs.  A dashed  vertical  line  is 

| shown  at  this  scale  distance  in  Figure  16.  At  scaled  distances  less  than 

2.6  ft/lb^/3  the  equivalency  increases  substantially  to  a value  of  around 
5 lb/lb.  This  high  equivalency  occurs  because  the  impulse  curve  for  the 
RDX  slurry  does  not  exhibit  the  trend  of  other  impulse  data  to  turn  down 
at  a scale  distance  around  3 ft/lb^/3  before  again  increasing  with 
decreasing  scaled  distance. 

Three-Wall  Cubicle  Effects 

Peak  pressure,  scaled  impulse,  and  scaled  duration  data  around  a 
three-wall  cubicle  were  obtained  from  1 -pound  spheres  and  cylinders  and 
2.65-pound  spheres  centered  in  the  cubicle.  Gage  lines  were  located 
along  the  ground  surface  perpendicular  to  the  front  (open)  wall,  the 
sidewall  and  the  backwall.  The  results  from  the  two  charge  shapes  along 
i the  three-gage  lines  are  compared  for  1-pound  charges  in  Figures  17,  18, 

and  19.  Figures  20,  21,  and  22  compare  results  from  spheres  of  different 
weight  (1.0  and  2.65  pounds).  Figure  23  compares  results  for  different 
directions  from  1 -pound  spherical  charges. 

Effect  of  Charge  Shape  on  Leakage  Environment.  Results  from  pressure 
gages  outside  the  open  front  wall  of  the  cubicle  are  shown  in  Figure  17. 
Charge  shape  did  not  affect  scaled  durations  at  any  scaled  distance.  At 
scaled  distances  greater  than  4 ft/lb^/3,  scaled  impulse  and  peak  pressure 
data  showed  no  charge  shape  effects.  The  average  peak  pressure  of  the 
cylinder  at  4 ft/lbl/3  was  15%  higher  than  that  of  the  sphere  and  the 
scaled  impulse  of  the  cylinder  at  2 ft/lb^/3  was  14%  higher  than  that  of 
a sphere. 

Cylindrical  charge  data  on  a line  perpendicular  to  the  open  wall  of 
a cubicle  produces  results  that  can  be  used  for  spherical  charges.  At 
worst,  the  daca  will  be  slightly  conservative  at  scaled  distances  less 
than  4 ft/lb^/3. 

Pressure  gage  measurements  along  a line  perpendicular  to  the  sidewall 
followed  the  same  trend  as  found  out  the  front.  However,  pressures  and 
impulses  were  affected  to  a greater  scaled  distance  (8  ft/lbV3).  (Note 
that  the  cylindrical  pressure  at  4 ft/lb 1 /3  is  higher  than  the  average 
of  numerous  tests  run  during  the  subsequent  cubicle  test  program.  The 
average  from  a larger  sampling  gives  a pressure  about  20%  higher  than 
that  of  a sphere.  See  Reference  12.) 

Thus,  if  data  from  cylindrical  charges  is  used  to  design  for  spherical 
charges,  it  would  be  conservative  at  scaled  distances  less  than  8 ft/lbl/3. 
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A somewhat  different  trend  is  found  in  comparing  results  from  the 
sphere  and  cylinder  opposite  the  backwall  of  the  cubicle.  Scaled  dura- 
tions are  still  the  same.  However,  spherical  pressure  data  is  higher 
at  scaled  distances  less  than  about  13  ft/lb^/3  and  cylindrical  impulse 
data  is  higher  over  the  entire  range  of  measurements.  Thus  impulse  data 
but  not  pressure  data  from  cylindrical  tests  can  conservatively  be  used 
for  a spherical  charge.  However,  more  extensive  testing  from  three 
different  cylindrical  charge  weights  (Reference  12)  showed  that  the  peak 
pressure  versus  scale  distance  curve  of  the  cylinder  has  the  same  maxi- 
mum pressure  value  as  that  of  the  sphere  but  at  a closer  scried  distance. 
Because  the  maximum  pressure  behind  the  backwall  was  the  same  for  both 
shapes,  the  design  method  proposed  in  Reference  12  is  applicable  to  both. 
That  method  uses  two  intersecting  straight  lines  to  describe  the  pressure 
environment.  A horizontal  line  (dependent  on  charge  density,  W/V)  limits 
the  maximum  pressure  and  intersects  a diagonal  line  describing  the  lower 
pressures  at  larger  scale  distances. 

Effect  of  Charge  Weight  on  Leakage  Environment . Two  spherical  charge 
weights  were  tested  in  the  cubicle-1.07  pound  and  2.65  pounds.  Results, 
plotted  in  Figures  20,  21,  and  22,  show  considerable  differences  in  the 
blast  environment  parameters.  This  is  expected  since  the  size  of  the 
cubicle  remained  constant  and  was  not  scaled  up  for  the  increased  charge 
weight.  Correct  scaling  requires  that  the  charge  density,  W/V,  remain 
constant.  Therefore,  results  from  different  charge  weights  within  a 
single  geometry  cubicle  are  dependent  on  W/V. 


CONCLUSIONS 

1 . The  air-blast  environment  from  composition  B charges  is  essentially 
equivalent  to  that  from  TNT  charges  of  the  same  shape.  The  TNT  equiva- 
lencies in  TM5-1300  (1.10  for  peak  pressure  and  1.06  for  impulse)  should 
be  used  in  design. 

2.  The  contained  KPX  slurry  is  a high  explosive  with  a TNT  equivalency 
tVat  varies  with  scaled  distance  and  is  more  indicative  of  charge  shape 
and  containment  than  charge  composition.  Peak  pressures  and  impulses 
for  RDX  slurry  tanks  should  be  obtained  directly  from  the  plot's  of  these 
parameters  versus  scaled  distances  (Figures  14  and  15).  Since  TNT 
equivalency  by  weight  is  not  constant,  it  offers  no  advantages  in  design 
applications. 

3.  Charge  shape  effects  on  the  surface  burst  environment  were  substantial 
at  scaled  distances  less  than  20  ft/lb 1/3.  charge  shape  must  therefore 

be  considered  at  these  scaled  distances.*  Use  of  data  from  cylindrical 


* TM5-1  300  Design  Manual  was  developed  irom  tests  of  TNT  and  composition  ft  charges  of  both  spherical  and 

cylindrical  (L/D  «=  1)  configurations.  The  design  data  presented  reflects  this  charge  shape  phenomenon.  For 
charges  with  UO  gieatcr  than  one,  a procedure  whereby  the  charge  is  assumed  to  consist  of  a scries  of  spherical 
charges  is  used.  This  procedure  has  produced  good  agreement  with  available  test  data,  and  a supplement  to 
TM5-1 300  is  being  prepared. 
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charges  at  less  than  20  ft /lb  would  be  conservative  in  most  cases 

(i.e. , charges  approaching  spherical,  hemispherical,  or  cylindrical 
shapes) . 

4.  Charge  shape  affects  the  blast  environment  outside  a protective 
cubicle  less  than  it  does  in  the  case  of  a surface  burst.  Use  of 
cylindrical  charges  for  the  test  program  described  in  Reference  12  will 
produce  design  curves  that  will  be  applicable  for  most  charge  shapes. 

5.  An  extreme  difference  in  surface  hardness  has  significant  effect  on 
the  surface  burst  environment  at  sealed  distances  less  than  20  ft/lbl/3. 
A stiff  steel  plate  on  sand,  for  the  scale  model  tests,  gave  the  best 
agreement  with  large  scale  results. 

1 /3 

6.  Small  heights  of  burst  (0.40  ft/lb  ) measurably  reduced  side-on 
overpressure  and  impulse  at  scaled  distances  less  than  5 ft/lb^/3. 
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Figure  1 , Charge  dimensions. 
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sand  and  on  steel  plate 
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Figure  7 


Peak  pressure  from  cylindrical  composition  B 
and  hemispherical  TNT  surface  bursts. 
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Scaled  Impulse,  i /W1'  (psi-msec/lb 


Figure  8.  Scaled  impulse  from  cylindrical  composition  B 
and  hemispherical  TNT  surface  bursts. 
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Figure  10.  Equivalent  weight  ratios  for  equal  pressures  from  charges 
different  shape. 
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Figure  11.  Scaled  impulse  from  spherical  hemispherical  and  cylindrical 
surface  bursts. 
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Figure  17.  Blast  environment  out  open  wall  or  cubicle  for 

Si/uerlcal  and  cylindrical  charges  (W  ■ 1.0  pound). 
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Figure  18.  Blast  environment  behind  sidewall  of  cubicle  for 

spherical  and  cylindrical  charges  (W  * 1.0  pound).  \ 
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Figure  20.  Blast  environment  out  open  wall  of  cubicle  for  1.00- 
and  2.65-pound  spherical  charges. 
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Figure  21.  Blast  environment  behind  sidewall  of  cubicle  for 
1.00-  and  2.65-pound  spherical  charges. 
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THE  QUANTITY/DISTANCE  CATEGORY  (OR  HAZARD 
CLASSIFI CATION)  OF  GUN  AND  ROCKET  PROPELLANTS 


K.  N.  Bascombe  & R.  M.  H.  Wyatt 
Explosives  Research  & Development  Establishment 
Ministry  of  Defence  (PE) 

United  Kingdom 


1 INTRODUCTION 

The  assignment  of  the  correct  quantity /distance  category  (or  hazard 
classification)  of  explosive  materials  is  becoming  increasingly  more 
important.  Apart  from  the  direct  question  of  safety,  the  saving  in  land 
for  storage  of  a lower  risk  material  is  a considerable  factor. 

In  this  paper  we  are  concerned  with  the  categorisation  of  gun  propel- 
lants, and  composite  (plastic)  rocket  propellants?  that  is  the  consequence 
of  ignition  of  boxes  of  such  materials  while  in  storage  or  during  transport. 
The  relevant  categories  and  classes  are  shown  in  Table  1. 


TABLE  1 

Q/D  Categorisation  - Hazard  Classification 


Risk 

UK 

USA 

NATO 

UN 

Fire 

Y 

2 

2 

1.3 

Explosive 

ZZ 

9*" 

5 

1.1 

Ideally  every  material  should  be  tested  in  a full  scale  trial.  This 
is  usually  prohibitively  expensive.  However  trials  involving  one  box  or 
container  with  live  propellant,  surrounded  by  a number  of  boxes  or  con- 
tainers filled  with  inert  material  are  acceptable,  and  experiments  of  this 
type  with  composite  (plastic)  propellant  are  given  in  Section  4.  Reference 
should  be  made  to  the  extensive  series  of  trials(l»2)  at  Aberdeen  Proving 
Ground  with  MK7  steel,  M25  stainless  steel  containers  and  metal  lined  M24 
wooden  boxes  filled  with  a large  variety  of  gun  propellants,  which  together 
with  earlier  work  laid  the  basis  of  the  US  Ordnance  Safety  Manual 
classifications. 

However  there  is  some  merit  in  developing  a test  which  uses  less 
material  than  is  stored  in  a full  box  or  container,  and  which  can  be 
carried  out  in  a laboratory  firing  chamber  rather  than  on  a range.  Such 
a test  is  described  in  Section  2. 
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The  quantity /distance  tables  are  based  on  radiant  heat  output  for 
fire  risk  materials  and  on  blast  pressure/fireball  radius  properties  for 
explosive  risk  materials^),  if  both  these  distances  are  plotted  against 
explosive  mass  it  can  be  shown  that  at  a given  distance  for  a certain 
mass  of  fire  risk  material,  this  same  distance  is  required  by  10-11  per 
cent  of  that  mass  for  an  explosive  risk  material.  This  is  a useful  guide 
when  assessing  the  results  of  trials. 

2 THE  LARGE  SEALED  VESSEL  TEST 

A laboratory  type  test  must  have  the  following  capabilities, 

(a)  it  must  be  relatively  simple  to  conduct,  and  the  result  relatively 
simple  to  assess 

(b)  it  must  be  relatively  inexpensive,  so  that  the  test  can  be  carried 
out  several  times  to  obtain  reproducible  results  in  which 1 confidence  can 

be  placed  and 

(c)  it  must  reproduce  in  some  way  the  inertia  of  large  masses  of 
material  and  the  consequent  pressure  build-up  and  thus  "scale  up"  correctly. 

Tests  which  have  to  compensate  for  the  use  of  unrealistically  small 
quantities  of  a material  are  usually  known  as  "penalty"  tests  and  generally 
employ  a means  of  relatively  high  confinement,  i.e.  most  of  the  bulk  of 
material  surrounding  the  seat  of  ignition  is  replaced  by  a closed  metal 
container.  The  first  attempts  at  such  an  experiment  were  in  early  1950 's 
using  a 5.5  inch  shell  body  (Fig  1).  This  was  filled  with  the  material 
under  consideration,  and  ignition  was  achieved  by  means  of  an  internal 
heating  coil  in  place  of  the  exploder.  These  trials  were  quite  successful 
except  that  the  extent  of  fragmentation  was  usually  large,  and  the  results 
of  different  firings  were  sometimes  not  easy  to  compare  because  of  the 
differing  thickness  of  different  parts  of  the  shell  wall(4). 

To  overcome  this  problem  another  vessel  was  designed  with  a constant 
wall  thickness  over  its  central  section  of  similar  value  to  that  of  the 
5.5  inch  shell.  This  has  become  to  be  known  as  the  Large  Sealed  Vessel 
or  LSV , (a  smaller  version  known  as  the  Small  Sealed  Vessel  of  similar 
bursting  pressure  being  used  for  materials,  usually  liquids,  available 
only  in  small  quantities).  The  LSV  is  shr  i in  Figure  2.  The  chief 
features  are  the  long  seamless  cylindrical  cube  of  cold  drawn  mild  steel 
with  3/8  inch  thick  wall,  3 inch  ID,  sealed  at  both  ends  by  a I inch  thick 
steel  disc  welded  in  position,  the  tube  end  being  peened  over.  The  ends 
are  thus  stronger  than  the  main  body  of  the  tube,  the  intention  being  that 
the  tube  should  fail,  the  end  discs  not  becoming  detached  before  this  happens. 
One  disc  has  a small  tapered  plug  hole  so  that  material  can  be  extruded 
under  vacuum  into  the  vessel  via  the  larger  tapered  filling  plug  hole  in 
the  other  disc.  Appropriate  plugs  are  screwed  in  for  the  actual  test  as 
shown  in  Figure  2.  Ignition  of  the  contents  is  effected  by  means  of  a 
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pyre  technic  igniter  fitted  to  the  larger  plug.  (An  alternative  fc  ~m  of 
ignition  is  by  means  of  external  electrical  heating,  see  Section  4).  This 
vessel,  of  approximately  2 litres  in  volume,  has  a calculated  static 
bursting  pressure  of  12,500  psi , and  with  all  propellant  materials  ignition 
leads  to  the  vessel  bursting.  The  degree  of  fragmentation  will  obviously 
depend  upon  the  rate  of  combustion  and  gas  evolution,  and  these  in  turn 
depend  upon  the  state  of  subdivision  of  the  material  and  its  energy 
content  as  well  as  its  linear  (strand)  rate  of  burning.  In  earlier  work 
names  were  given  to  the  degrees  of  fragmentation  obtained,  such  as  pressure 
burst,  low  order  explosion,  explosion  and  detonation.  Subdivision  between 
the  first  two  were  devised  since  most  of  the  interest  was  centered  around 
these  results;  explosions  and  detonations  were  of  less  immediate  interest 
in  that  there  was  no  doubt  that  the  material  which  produced  such  results 
was  an  explosive  risk.  These  assessments  were  necessarily  in  some  degree 
subjective,  and  one  modification  tried  was  to  measure  the  length  of  new 
metal  edge  formed.  However  it  has  now  been  found  simpler  to  count  the 
number  of  fragments  produced,  excluding  the  bits  of  central  tube,  and  it 
will  be  seen  from  the  next  section  that  it  is  possible  to  establish  a 
criterion  for  the  fire/explosive  risk  threshold  on  the  basis  of  the  number 
of  fragments  formed. 

3 CATEGORISATION  OF  GUN  PROPELLANTS 

A number  of  gun  propellants  of  which  the  correct  Q/D  category  for 
storage  in  wooden  boxes  was  known,  either  by  trial  or  by  accident,  were 
subjected  to  the  LSV  test.  These  were  ballistite  (strictly  a mortar  pro- 
pellant), FNH  014,  FNH  024,  WM  042/30  and  WMT  124/040  of  which  the  first 
two  named  are  recognised  explosive  risks  and  the  other  three  are  known  to 
be  fire  risks.  Two  other  materials  were  studied  for  which  the  risk  was 
also  known i these  were  dynamite  (65  per  cent  NG/35  per  cent  Kieselguhr) 
and  blackpowder  (G40)  both  of  which  are  explosive  risks.  (See  Appendix 
for  compositions  and  sizes).  Four  trials  were  carried  out  with  each 
material,  excepting  ballistite  when  only  one  trial  was  done  and  the  results 
are  shown  in  Table  2.  Pictures  of  some  of  the  results  for  the  first  three 
materials  are  shown  in  Figures  3,  4 and  5. 
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TABLE  2 


LSV  Tests  on  Granular  and  Cord  Propellants 


Material 

Risk 

Number  of  Fragments 
(1)  (2)  (3)  (4) 

Total  for 
Four  Trials 

Ballistifce 

Explosive 

> 200 

- 

FNH  01 4 

ti 

14 

23 

19 

15 

71 

FNH  024 

Fire 

7 

3 

2 

8 

20 

WM  042/30 

ti 

7 

5 

5 

8 

25 

WMT  124/04 0 

it 

11 

7 

8 

13 

39 

Dynamite 
(65#  NG) 

Explosive 

15 

25 

25 

50 

115 

Blackpowder 

(G40) 

It 

19 

21 

21 

17 

78 

It  will  be  seen  that  the  results  for  each  material  are  reasonably  con- 
sistent, and  that  when  the  number  of  fragments  for  the  four  trials  with 
each  material  are  totalled,  there  is  a fairly  clear  cut  result.  The 
smallest  total  for  an  explosive  risk  material  is  71,  and  the  largest  number 
for  a fire  risk  material  is  39.  This  suggests  that  a criterion  for  division 
into  the  two  risks  is  the  formation  of  say,  50  or  more  fragments  in  four 
trials  for  an  explosive  risk,  and  less  than  50  for  a fire  risk.  This 
somewhat  arbitrary  figure  seems  a reasonable  one  and  may  in  fact  err 
slightly  on  the  safe  side. 

4 CATEGORISATION  OF  COMPOSITE  PROPELLANTS 

It  was  obviously  of  interest  to  extend  the  test  to  non-granular  mate- 
rial following  the  promising  results  obtained  with  granular  and  cord 
materials.  In  particular  there  were  doubts  about  the  appropriate  Q/D 
category  for  composite  (plastic)  propellants  i.e.  those  based  on  ammonium 
perchlorate  and  a hydrocarbon  binder,  in  some  cases  containing  also  alum- 
inum, ammonium  picrate  and/or  burning  rate  catalysts.  As  a consequence 
of  their  method  of  manufacture  - a simple  mechanical  incorporation  - 
which  leads  to  entrainment  of  air,  they  can  be  n an  undeaerated  or, 
following  treatment  under  vacuum,  in  a deaerated  state. 


343 


r 


i 


i 


i 


i 

tf. 

t! 


{ 


I? 


t 


When  these  propellants  were  first  studied  in  this  way,  the  tests  were 
done  with  undeaerated  material,  the  vessel  being  filled  with  lumps  small 
enough  to  be  pushed  through  the  large  tapered  plug  hole,  followed  by 
tamping  down.  This  resultant  charge  was  not  truly  representative  of  the 
undeaerated  material  since  it  was  not  really  one  large  piece  and  owing  to 
the  tamping  it  did  not  have  the  original  void  content.  However  tests 
showed  that  the  less  energetic  and  slower  burning  rate  materials  gave 
relatively  few  fragments  and  were  thus  indicated  to  be  fire  risks.  The 
more  energetic  and  faster  burning  compositions  gave  considerably  larger 
numbers  of  fragments,  in  some  cases  more  than  twenty  from  a single  vessel 
suggesting  an  explosive  risk  category. 

However  it  was  decided  that  a more  realistic  assessment  of  composite 
propellants  would  be  to  test  them  in  the  deaerated  state,  and  thus  a vacuum 
filling  technique  was  necessary  utilising  the  bottom  plug  hole,  as  indi- 
cated in  Section  2.  Table  3 shows  the  results  of  trials  carried  out  in 
duplicate  for  a group  of  plastic  propellants  in  the  deaerated  state,  the 
majority  of  them  being  regarded  as  fast  burning  compositions.  (See 
Appendix  for  formulations.) 


TABLE  3 

LSV  Tests  on  Composite  (Plastic)  Propellants 


Material 


Strand  Burning 
Rate  at  10  MN/m2 


RD  242? 
RD  2435 
E 4265 
RD  2409 
RD  2403 
RD  241 8 


4.8  mm/sec 


15.0 

35.9 

43.7 


ti 

It 

II 


Number  cf  Fragments 

(1)  (2) 

1 2 

1 2 


5 3 

7 3 


Total  for 
Two  Trials 


48.4  '» 

48.8  « 


3 


9 


It  will  be  seen  that  the  number  of  fragments  obtained  is  always  quite 
s^all  and  for  the  two  trials  carried  out  on  each  composition  the  total  is 
in  each  case  considerably  less  than  25  (being  the  proportionate  figure  as 
required  by  the  criterion  given  in  Section  3). 

A number  of  trials  were  also  carried  out  with  the  alternative  form  of 
ignition,  i.e,  by  external  electrical  heating.  These  usually  resulted  in 
a large  number  of  fragments  particularly  with  the  faster  rate  of  burning 
compositions.  This  was  presumably  because  a greater  mass  of  propellant 
was  brought  to  or  near  ignition  temperature  before  ignition  occurred. 

Some  porosity  may  have  resulted  from  pre-ignition  reaction  as  a consequence 
of  this  heating,  so  that  the  material  may  to  some  extent  have  resembled  the 
undeaerated  material.  In  addition  the  burning  rate  of  such  preheated 
propellant  would  be  expected  to  be  greater.  In  contrast,  tests  with  the 
heated  LSV  using  the  granular  gun  propellants  of  Section  3 usually  gave 
about  the  same  number  of  fragments  as  with  the  igniter  version.  Because 
of  this  marked  difference  with  plastic  propellant  in  the  two  versions  of 
the  test,  it  was  thought  necessary  to  complement  these  trials  with  a 
series  of  single  box  and  small  stack  trials,  especially  as  there  had  not 
been  any  major  incidents  with  plastic  propellants  from  which  levels  of 
risk  could  be  deduced. 

Standard  plastic  propellant  boxes  (Figure  6)  containing  the  standard 
quantity  (55  lb)  of  each  of  the  following  propellants,  RD  2427,  RD  2420 
(burning  rate  at  10  MN/m^  of  5.8  mm/sec),  RD  2435,  E 4265,  RD  2428 
(Rb  3 46.5  mm/sec)  and  RD  2403,  both  undeaerated  and  deaerated  were  studied. 
Single  box  igniter  trials  were  carried  out  in  duplicate;  the  igniter  being 
embedded  in  the  propellant*  With  RD  2427  and  RD  2420,  undeaerated  or 
deaerated,  and  with  deaerated  RD  2435,  the  lids  remained  in  position 
during  combustion  of  the  contents  of  the  box.  With  undeaerated  RD  2435, 
and  either  form  of  E 4265,  RD  2428  and  RD  2403,  the  lid  was  blown  off  very 
quickly.  With  the  undeaerated  propellants  lumps  of  burning  material  were 
thrown  out;  with  the  deaerated  materials  combustion  of  the  remaining 
material  proceeded  in  an  open  box.  ho  measurable  blast  was  recorded  in 
any  of  these  trials. 

Standard  fuel  fire  trials  on  single  boxes  of  the  same  materials  (both 
deaerated  and  undeaerated)  were  also  carried  out,  but  in  view  of  the 
results  of  the  igniter  trials,  were  not  carried  out  in  duplicate.  No 
measurable  blast  was  obtained  in  any  of  these  trials  either. 

Since  with  the  faster  burning  propellants  relief  of  internal  pressure 
in  the  box  was  effected  by  the  failure  of  the  lid  fastenings,  it  was  con- 
sidered desirable  to  carry  out  a series  of  trials  on  “small  stacks'*  more 
representative  of  practical  conditions  of  storage,  with  ignition  of  the 
contents  of  one  of  the  bottom  row  of  boxes  in  the  stack.  Three  boxes  of 
propellant  were  placed  side  by  side  in  a brick  lined  concrete  Dit,  and 
nine  “mock-up*'  boxes  filled  with  sand,  each  equal  in  weight  to  a box  of 
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propellant,  placed  on  top  in  a three  by  three  array.  (Figure  7).  The 
propellant  in  the  central  box  was  ignited  by  means  of  an  igniter  embedded 
in  it . 

With  RD  2435,  a medium  rate  of  burning  material,  undeaerated,  a slow 
burning  took  place  such  that  initial?y  the  central  group  of  sand-filled 
boxes  moved  up  and  down  several  times  as  a chuffing  type  of  combustion 
ensued.  Eventually  all  the  boxes  including  the  contents  of  the  two  acceptor 
boxes  were  set  alight.  No  measurable  blast  effect  was  detected  in  this  trial. 

With  RD  2403,  a fast  burning  rate  material,  deaerated,  a more  rapid 
event  took  place.  Eventually  all  the  sand  filled  boxes  were  set  alight 
but  the  contents  of  the  two  acceptor  boxes  were  unaffected.  The  first 
measurable  blast  response  was  approximately  equivalent  to  that  obtainable 
from  0.5  e TNT. 

With  RD  2403,  undeaerated,  a very  rapid  event  took  place,  disrupting 
the  stack  and  throwing  pieces  of  burning  propellant  up  to  100  feet.  The 
two  acceptor  boxes  were  charred  externally  but  their  contents  were  unaf- 
fected. The  blast  response  was  assessed  on  an  overpressure  basis  as 
roughly  equivalent  to  that  obtainable  by  0.5  kg  TNT  (i.e.  2 per  cent  of 
the  mass  of  propellant  in  the  box). 

Thus  these  trials  showed  that  the  resultant  blast  under  conditions  of 
confinement  similar  to  that  appropriate  to  boxes  stacked  in  a magazine  is 
small  and  well  within  the  figure  of  10  - llX  allowable  for  fire  risk 
category  materials  as  noued  in  Section  1.  The  conclusion  drawn  from  these 
trials  was  that  composite  propellants  with  rates  of  burning  not  in  excess 
of  those  tested,  are  to  be  categorised  as  a fire  risk  not  only  in  the 
di'aet^Led  state,  but  also  in  the  undeaerated  condition,  provided  they  are 
•vita '.ni'd  in  standard  plastic  propellant  boxes  and  that  these  boxes  are 
. sr.tt'.'ked  more  than  four  high,  (It  should  be  noted,  however,  that 
ii.ixiog  .if  the  ingredients  in  an  incorporator  is  regarded  as  an  explosive 
1 1 sk ) . 

5 MODERN  GUN  PROPELLANTS 

The  test  is  being  extended  to  studying  gun  propellants  of  more  modern 
formulations  including  those  of  higher  energy.  The  results  so  far  confirm 
that  NQ(m)  propellant  (of  web  size  0,044  inch)  is  a fire  risk.  Some  higher 
energy  formulations  of  similar  or  greater  web  thicknesses  are  giving  larger 
numbers  of  fragments.  However  an  insufficient  number  of  trials  has  so  far 
been  carried  out  to  suggest  their  Q/D  category.  This  work  is  proceeding. 

6 DISCUSSION  AND  CONCLUSIONS 

It  is  felt  that  this  test  is  a very  useful  one  in  determining  the 
Q/D  category  of  an  explosive  composition.  The  sharp  distinction  in  result 
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obtained  with  say  FNH  014  on  the  one  hand  and  FNH  024  on  the  other  indi- 
cates the  good  discrimination  provided  by  the  test  for  granular  and  cord 
materials.  This  also  illustrates  the  well  known  difference  in  risk  of 
single  base  propellants  with  a web  size  smaller  and  larger  than  0.019 
inch.  As  indicated  in  Section  5 above,  it  is  intended  to  study  gun  pro- 
pellants of  a wider  range  of  composition  and  size,  particularly  the  modern 
types  with  faster  rates  of  burning.  It  is  of  interest  here  to  note  that 
whereas  this  test  may  be  satisfactory  from  the  point  of  view  of  categori- 
sation for  transport  and  storage,  the  LSV  has  a bursting  pressure  appreciably 
less  than  the  chamber  pressure  of  a modern  gun  and  in  this  context  ultra 
high  pressure  rate  of  burning  experiments  of  the  type  carried  out  by 
Wachtell  and  Shulman^)  are  extremely  valuable  in  indicating  those  propel- 
lants likely  to  lead  to  run-away  reaction  in  a gun  chamber  with  consequent 
detrimental  effects.  The  LSV  test  should  however  sort  out  those  propellants 
prone  to  this  runaway  process  at  pressures  less  than  its  bursting  pressure. 

The  application  of  the  LSV  test  to  solid  composite  (plastic)  propellant 
has  been  the  subject  of  much  argument  in  the  UK.  As  the  test  was  originally 
conceived,  the  results  of  the  two  types  of  trial  i.e.  ignition  by  internal 
igniter  and  ignition  by  external  heating,  were  to  be  taken  into  account  and 
in  fact  were  given  equal  weight.  Since  the  early  tests  with  small  lumps  of 
undeaerated  propellant  and  even  with  deaerated  propellant  most  of  the  heated 
LSV  trials,  particularly  for  the  faster  rate  of  burning  compositions,  gave 
considerable  fragmentation,  declarations  of  explosive  risk  had  to  be  given 
in  the  absence  of  information  to  the  contrary.  The  general  feeling  of 
those  whose  job  it  was  to  devise,  develop  and  manufacture  plastic  propellant 
compositions  was  that  none  of  them  was  in  fact  an  explosive  risk.  Thus  it 
was  essential  to  carry  out;  the  box  trials  outlined  above  and  the  results 
with  one  of  the  fastest  burning  composition  in  the  undeaerated  and  deaerated 
state  shows  that  though  combustion  can  be  very  rapid  the  blast  output  is 
quite  small.  When  the  combustion  is  rapid  ignition  is  unlikely  to  spread 
even  under  magazine  conditions  to  adjacent  boxes  sufficiently  rapidly  for 
reinforcement  of  the  blast  wave}  with  slower  burning  compositions  though 
the  combustion  may  spread  to  adjacent  boxes,  the  blast  overpressure  will 
in  any  case  be  very  small. 

The  results  discussed  above  suggest  the  heated  LSV  is  too  great  an 
overtest  for  categorisation  of  plastic  propellant  (though  probably  not 
for  granular  materials)  and  it  is  felt  that  the  proportion  of  propellant 
brought  to  a high  temperature  with  the  consequent  changes  in  physical  and 
chemical  properties  is  far  higher  in  the  test  than  it  would  be  in  practice 
if  a box  or  boxes  is  engulfed  in  flame.  The  results  of  the  standard  fuel 
fire  trials  on  single  boxes  with  their  lack  of  blast  output  are  in  agree- 
ment with  this. 

Heated  trials  are  however  still  of  value  in  particular  cases  especially 
with  granular  materials,  and  obviously  if  the  degree  of  fragmentation  is 
small  the  result  can  be  taken  to  add  confidence  to  categorisation  as  a 
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fire  risk.  As  we  have  seen  however,  the  converse,  i.e,  considerable 
fragmentation  may  not  necessarily  be  indicative  of  an  explosive  risk. 

Though  the  question  of  low  temperatures  should  not  arise  in  storage 
and  transport,  the  igniter  version  of  the  test  could  be  of  some  use,  par- 
ticularly in  those  cases  where  ignition  is  liable  to  fracture  the 
composition  and  provide  a much  increased  surface  area  for  combustion. 
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APPENDIX  I 


Compositions  and  Sizes  of  Gun  Propellants 

Ballistitei  NC  (12.65  per  cent  N)  60.0  per  cent,  NG  38.0  per  cent, 
carbamite  0.5  per  cent,  potassium  nitrate  1,5  per  cent. 

Plates  0.06  inch  square,  0.008  inch  thick  are  graphited. 

FNHi  NC  (13, 15  per  cent  N)  84. 0 per  cent,  dinitrotoluene  10  per  cent, 

dibutyl  phthalate  5.0  per  cent,  diphenylamine  1.0  per  cent. 

(a)  FNH  014,  single  perforated  tube,  external  diameter  0.041 
inch,  web  thickness  0.014  inch, 

(b)  FNH  024,  multiperforated  tube,  external  diameter  0,128 
inch,  web  thickness  0.024  inch. 

WMi  N<  (13.1  per  cent  N)  65.0  per  cent,  NG  29.5  per  cent,  carbamite 

2.')  per  cent,  mineral  jelly  3.5  per  cent. 

(a)  NM  042,  cord  of  diameter  0.042  inch. 

(b)  WMT  124/040,  single  perforated  tube,  external  diameter 
0.124  irch,  web  thickness  0.042  inch. 

(Blackpowderi  Potassium  ritrate  75  per  cent,  charcoal  15  per  cent,  sulphur 
10  per  cent . 

For  size  G 40,  all  granules  to  pass  No  30  BS  sieve,  and  not 
less  than  68.5  per  cent  to  be  retained  on  No  52  BS  sieve.) 
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APPLICATION  OF  LATEST  SAFETY  ENGINEERING 
CONCEPTS  TO  MUNITION  PLANT  MODERNIZATION 

IRVING  FORSTEN 
Picatinrty  Arsenal,  Dover,  NJ 


ABSTRACT 

A brief  review  of  the  magnitude  of  the  Army  Plant  Modernization  Program 
planned  through  1992  is  presented.  Attention  is  focused  on  a typical  major 
facilitation  project  at  Lone  Star  Army  Ammunition  Plant  entailing  modern- 
ization of  the  105mm  load,  assemble  and  pack  line.  Emphasis  is  placed  on 
safety  features  embodying  recently  developed  concepts.  The  paper  discusses 
and  contains  some  examples  of  wall  design  for  close-in  blast  effects,  optimum 
quantity  distance  building  layouts,  safe  separation  distances  of  explosive 
items,  buildings  designed  for  far-out  blast  effects,  explosive  waste  collection, 
building-access  designs  to  avoid  direct  line  of  sight  of  flying  projectiles  and 
protection  afforded  by  low  cost  innovations  such  as  earth  mounded  structures. 
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INTRODUCTION 


The  U.  S.  Army  has  underway  a multi-billion  dollar  munitions  plant 
modernization  program  destined  to  continue  beyond  the  next  decade.  Although 
cost  effectiveness  through  automation  and  advanced  process  technology  are 
major  considerations  in  the  program,  the  areas  of  personnel  safety  as  af- 
fected by  an  explosive  incident  or  through  environmental  pollution  is  receiving 
primary  attention. 

The  Army's  program  deals  with  both  explosive  and  propellant  manu- 
facturing facilities  as  well  as  load  assemble  and  pack  plants.  There  are 
17  plants  serving  Picatinny  Arsenal  mission  item  needs. 

In  consonance  with  the  subject  of  this  paper,  a specific  example  of  a 
major  facility  to  be  built,  will  be  presented  with  attention  drawn  to  major 
safety  considerations  using  latest  technology. 

DISCUSSION 

GENERAL 

The  facility  to  be  discussed  is  the  advanced  load,  assemble  and  pack 
facility  dealing  with  the  105mm  HE,  Ml  projectile  to  be  produced  at  Lone 
Star  Army  Ammunition  Plant  (LSAAP),  Texarkana,  Texas.  General  pro- 
duction characteristics  of  the  round  are  described  by  Pig  1.  The  planned 
modernized  105mm  projectile  LAP  facility,  Area  E at  LSAAP  is  shown  in 
Fig  2.  The  identity  of  the  building  numbers  are  shown  on  Fig  3. 

PROPAGATION  PREVENTION 


The  one  million  rounds  per  month  production  rate  of  the  Lone 

Star  105mm  projectile  rnelt/pour  facility  requires  the  use  of  minimum  spacing 
between  explosive  items  to  achieve  full  production.  The  following  is  a brief 
discussion  of  safe  spacing,  shielding  and/or  other  means  utilized  to  prevent 
propagation  of  an  explosion. 

Safe  Spacing  between  Boxes  and  Buckets  of  Flake  Explosive 

In  the  case  of  bulk  explosives,  recent  separation  tests  have  indicated 
that  when  carboard  boxes  and/or  plastic  buckets  (with  covers)  containing 
GO  pounds  of  Composition  "B"  are  separated  by  12  feet,  propagation  of  an  ex- 
plosion between  adjacent  items  is  negated.  However,  spread  of  fire  is  not 
prevented.  Movement  of  box  explosives  in  the  Lone  Star  facility  is  required 


between  the  Bulk  Explosive  Distribution  Building  (Bldg.  E- 161)  and  the  Box 
Opening  Building  (Bldg.  £-174)  (Fig  4).  In  this  latter  building  (Fig  the 
flake  explosive  is  removed  from  the  boxes  and  placed  in  60- pound  plastic 
buckets  for  movement  to  the  Automatic  Explosive  Inspection  Building  (E-125). 
Passage  of  the  boxes  through  the  ramp  connecting  Buildings  E-161  and  E-174 
is  by  means  of  a belt  type  conveyor,  whereas,  the  plastic  buckets  are  trans- 
ported on  two  overhead  power-free  conveyors  from  the  Box  Opening  Building 
to  Inspection  Building.  As  mentioned,  each  box  on  the  belt  conveyor  is  se- 
parated by  1 2 feet  from  a box  in  front  of  it  and  to  the  rear  of  it.  The  two  con- 
veyors carrying  the  plastic  buckets  are  separated  by  12  feet.  The  dual 
conveyors  permit  spacing  between  adjoining  buckets  on  any  one  conveyor  to  be 
greater  than  12  feet.  This  increased  spacing  can  be  reduced  to  12  feet  in  the 
event  future  expansion  (increased  production  rate)  of  the  facility  warrants  it. 
Both  ramps  connecting  the  three  buildings  are  furnished  with  fire  retardant 
systems  (water  ’urtains)  to  prevent  the  spread  of  fire  in  the  event  of  an  ex- 
plosion in  one  of  the  ramps  or  the  buildings. 

bucket  conveyors  containing  00  pounds  of  explosive  are  used  in  }lher 
parts  jf  ti.e  facility;  namely.  (1)  where  the  explosive  risers  are  transported 
between  tir  Funnm  lulling  Building  and  the  Riser  Melter  Building  and  (2) 
where  hie  riser  flaKe  is  transported  from  the  Riser  Melter  Building  to  the 
inspecti  Jh  buiiuiiiw.  Howe  ver,  the  spacing  between  adjoining  buckets  is  lar- 
jer  than  the  minim  im  12-foot  in  the  ramp  between  the  buildings,  and  therefore, 
i rote  :ti.m  a Inst  t:.e  spread  vf  lire  is.  not  required. 

IHr  ■ I'haKe  on  pelt  C •nse‘Y  >rs 

'Jns  ./ntaminatod  fluke  osive  which  nas  already  been  inspected  for 
i ijn  ssit-mim  is  transferred  t one  of  the  two  melt  buildings  using  a 

b'.lt  'JoiiV'.  yor.  lh.ro.  ti*e  flake  is  spread  on  the  belt  approximately 
m>.  inch  thick.  By  limiting  the  J<*pti»  of  the  explosive  to  one  inch,  propaga- 
ti  ,-f  ’.u.  1 .'..ion  along  in-  conveyor  is  j rovented.  Tests  demonstrating 

this  retardation  of  propagation  wore  performed  as  a part  of  the  Navy's 
M ."loimi'/.ati  m Program  and  are  reported  in  the  minutes  of  the  13th  Safety 
,'Pminar. 

/ i._klmj  tvs  ■ n Expl  oslvos 

Aft-.r  Uie  empty  projectiles  are  filled,  tiiey  are  transported  to  the  Pro- 
jectile Coolinj  Buildings  from  bit-  M . 'It/ Pour  Facility  by  means  of  a high 
speed  power-free  conveyance  system  carrying  16  projectiles  on  each  carrier. 
Initially,  it  was  pi  mined  to  separate  these  carriers  by  109-inches  which  is  the 
separation  distance  specified  for  pallets  of  33*Composltlon  "B"  loaded  105  mm 
projectiles  by  AlvICR  S.iu-lOO.  However,  a scries  of  teats  performed  by 
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Picatinny  Arsenal  has  indicated  that  at  separation  distances  as  large  as  170 
inches,  propagation  of  explosion  will  occur  between  pallets  of  16- 105mm 
projectiles.  Therefore,  in  order  to  determine  another  means  to  prevent 
propagation,  tests  will  be  made  to  establish  whether  the  use  of  structural 
steel  or  aluminum  shields  will  be  effective  substitutes  for  safe  spacing. 

If  the  shields  are  found  effective  in  negating  the  propagation  of  an 
explosion,  then  they  will  be  made  a part  of  the  conveyance  system.  Rather  than 
mounting  the  shields  on  the  carriers,  they  will  be  attached  to  turntables  which 
are  used  to  change  direction  of  the  carrier  flow. 

Figure  6 illustrates  the  method  of  utilizing  shielding.  Here,  two 
aluminum  or  structural  steel  plate  shields  are  mounted  on  a turntable  with  the 
stationary  shields  positioned  between  the  turntable  and  the  protective  structure. 
As  a carrier  reaches  the  turntable,  it  is  in  an  unprotected  position.  Once  the 
turntable  rotates  90  degrees,  the  shields  attached  to  the  table  will  protect 
the  carrier  from  the  effects  of  an  explosion  in  an  adjoining  unprotected  carrier 
and,  thereby,  eliminate  the  propagation  from  one  carrier  to  another  all  the  wa} 
down  the  line.  In  the  illustrative  example,  after  the  turntable  is  in  the 
closed  position,  the  protected  carrier  can  move  into  the  building  through  the 
stationary  shields  and  the  concrete  mazes.  This  operation  is  continuously  per- 
formed with  alternately  shielded  turntables  in  the  open  and  closed  position. 

Protective  Barriers 


If  the  above  shielding  is  not  effective  then  an  alternate  method  will  be 
considered  in  the  facility  design  (figure  7).  The  spacing  between  explosive 
items  in  a ramp  connecting  two  buildings  need  not  be  limited  if  both  buildings 
are  protected  from  an  explosion  within  the  ramp  with  separating  protective 
barriers  and  adjoining  buildings  are  separated  from  the  ramp  by1  intra-line 
distances  based  upon  the  larger  of  the  explosive  quantities  in  the  ramp  or 
the  building. 

For  the  Lone  Star  A A P,.  the  above  principles  can  be  incorporated  without 
significantly  modifying  the  facility. 

Maze  Concept 

For  a protective  barrier  to  be  effective,  it  must  be  provided  with  a 
maze  or  other  means  to  prevent  a line  of  sight  between  the  ramp  and  the 
interior  of  the  building.  There  are  two  types  of  mazes,  namely,  (1)  line  of 
sight,  and  (2)  safe  zone  mazes.  Line  of  sight  type  of  maze  is  used  when  the 
building  is  located  at  the  end  of  a ramp,  where  the  items  within  the  ramp  are 
spaced  at  safe  separation  distances,  and  protection  is  required  primarily 
from  an  explosion  in  adjoining  building.  Safe  zone  maze  is  used  when  the  ramp 


356 


having  safe  separation  hetween  ramp  Rems,  passes  in  front  of  the  protective 
barrier,  or  when  the  builuing  is  at  the  end  of  the  ramp  and  the  ramp  items 
are  spaced  at  less  than  minimum  safe  separations.  In  the  latter  case,  a turn- 
table shield  may  be  used  in  combination  with  a line  of  sight  maze  to  achieve 
the  same  protection  afforded  by  a safe  zone  maze. 

For  the  Lone  Star  facility,  the  use  of  line  of  sight  type  of  mazes  was 
originally  contemplated.  However,  when  safe  separation  distances  could  not 
be  established  for  palletized  projectiles,  then  all  mazes  wore  revised  to  con- 
form to  tiie  safe  zone  arrangement.  Here,  when  an  item  passes  through  the 
maze,  it  must  enter  a "safe  zone"  where  it  will  be  shielded  from  items  located 
at  the  exterior  and  interior  of  the  building. 

Figure  8 illustrates  the  passage  of  explosive  items  through  a "safe 
zone"  maze.  Here,  in  stage  No.  1,  lot  numbers  1,  2 and  3 are  located 
interior  of  the  building,  within  the  safe  zone  and  exterior  of  the  building, 
respectively.  In  stage  No.  2,  lot  No.  1 will  move  further  into  the  building 
with  lot  No.  2 leaving  the  safe  zone  and  entering  the  building.  While  the 
first  two  lots  move  into  the  building,  the  third  lot  will  begin  to  enter  the  maze. 
However,  the  speeds  of  the  second  and  the  third  lots  will  be  adjusted  as  such 
to  insure  that  the  line  of  sight  between  the  two  lots  will  not  occur.  In  the 
third  or  the  final  stage,  lot  No.  2 enters  the  building,  the  third  lot  passes 
through  the  safe  zone  and  the  first  lot  enters  the  maze  to  repeat  the  operation. 

FACILITY  PROTECTION 

Overall  safety  for  the  facility  is  provided  by  various  means,  such  as 
(1)  safe  separations  between  buildings,  (2)  use  of  protective  construction  using 
barricade  walls,  strengthened  frangible  construction  and  igloo  construction, 

(3)  separation  of  hazardous  operations  from  less  hazardous  operations,  and 

(4)  the  use  of  remote  operating  procedures  or  hazardous  operations.  In 
general,  full  protection  has  been  provided  for  personnel  and  equipment  in 
buildings  with  conveyors  and  ramps,  which  are  assumed  to  be  expendable  in 
the  event  of  an  explosion. 

Building  Separation 

The  buildings  of  the  bulk  explosive  receiving  and  processing  portion 
of  the  facility  are  separated  as  shown  in  Fig  9.  Here,  both  the  Box  Opening 
and  the  Automatic  Inspection  Buildings  are  separated  from  the  Bulk  Explosive 
Receiving  Building  based  on  unbarricaded  distances  corresponding  to  the  explosives 
in  the  two  former  buildings.  Also,  protective  barricades  are  placed  at  these 
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two  structures,  The  separations  of  these  buildings  differ  from  the  criteria 
of  AMCR  385-100  Which  require  that  all  separations  be  based  upon  the  largest 
quantity  of  explosive  in  either  building.  In  this  particular  case,  even  though 
the  explosive  quantity  in  the  Receiving  Building  is  much  larger  than  that  of 
the  other  two  buildings,  the  potential  nrzard  is  much  less. 

In  order  to  reduce  the  length  of  conveyors^and,  therefore,  the  overall 
operating  costs  of  the  facility,  a minimum  (barricaded  intraline)  distance  is 
used  to  separate  the  Melter  Buildings  from  the  adjoining  Inspection  and 
Cooling  Buildings.  The  latter  two  buildings  as  well  as  the  Melter  Buildings 
are  remotely  operated;  and  minimizing  the  building  separations  does  not 
create  a hazard  for  personnel. 

Other  hazardous  operations  such  as  cooling,  funnel  puliing,  and 
facing  operations  are  performed  remotely  in  earth  covered  steel  arch  igloos. 
Separations  between  igloo  structures  conform  to  earth  covered  steel  arch 
separation  distances  of  Safety  Manual  AMOK  385-100. 

Protective  Structures 

As  mentioned,  where  separation  distances  are  barricaded  intraline 
distances,  protective  barriers  are  provided  to  protect  the  acceptor  structures 
from  low  flying  debris  and  relatively  high  reflected  pressures  nss -'dated  with 
the  blast  pressure  output.  Because  these  barriers  are  required  to  remain 
intact  in  the  event  the  structures  containing  barriers  become  donor  structures, 
the  protective  walls  are  constructed  utilizing  laced  reinforced  concrete  as 
detailed  in  DA  Teen  Manual  Tlvih-lb  d.  Tne  process  equipment  within  some 
of  the  buildings  nave  laced  walls  are  relatively  tall,  in  order  t > limit  the 
thicknesses  of  the  protective  barrieis.  several  of  tm.  taller  bui 'dings  including 
the  Automatic  Inspection,  Melt/ Pour  and  Miser  Melt  Buildings  are  positl  med 
partly  below  the  ground  (Figure  ».<),  In  those  coses  only  the  abov.  ground 
portions  of  the  barriers  require  laced  rolnf  •ri'‘onn  at. 

At  lower  pressures,  such  as  th  -at  corresponding  t>  unbarrieaded  intra- 
iiue  distances,  prott  •lion  for  personnel  and  equipment  is  furnished  with  use 
it  "Strong tinned  Frangible  Construct!  <n".  Tne  structural  stool  buildings 
provide  the  necessary  strength  to  afford  full  protection  for  j •>rs  mid  fr  m L he 
effects  of  blast  pressures  while  debris  pr  -tection  is  afforded  by  the  distances 
associated  with  this  type  of  constructi  on.  For  distances  less  tiian  unbarricaded 
intraline  distance,  protective  barriers  as  described  above  arc  used  for  debris 
protection. 

To  illustrate  this  type  of  protective  structure,  let  us  consider  die  X-ray 
Building  (Bldg.  E-i3b),  As  shown  in  Fig  10.  only  the  west  wall  of  the  building 
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is  barricaded  from  an  explosion  in  Building  E- 168  (X-ray  Hold).  Here,  the  J 

shortest  distance  between  Building  E-138  and  E-168  which  could  be  maintained  | 

without  violating  unbarricaded  intraline  distance  based  upon  the  15,  000  pounds  ! 

of  explosive  in  Building  E-132  is  intermediate  of  unbarricaded  and  barricaded  j 

intraline  distances  based  up  m the  8,  000  pounds  of  explosive  in  Building  E-168. 

f 

To  provide  the  necessary  protection,  the  wall  of  Building  E-138  facing  | 

Building  E-168  is  constructed  of  laced  reinforced  concrete  whereas  all  other  • 

portions  of  the  building  are  constructed  of  structural  steel  (Figure  11).  The  > 

laced  concrete  wall  was  designed  to  resist  the  effects  of  4, 000  pounds  of 
explosive  which  was  distributed  at.  various  locations  between  the  X-ray  cells  1 

and  walls.  For  the  charge  distribution  as  shown  in  Figure  11,  a 5-foot  wall  - 

thickness  is  required  to  sustain  structural  response  for  incipient  failure.  It 
may  be  noted  that  if  this  same  wall  were  subjected  to  a single  explosive,  the 
capacity  of  the  wall  would  be  such  to  resist  9, 300  pounds  of  TNT  or  a factor 
2.  3 times  the  explosive  weight  of  the  distributed  charge. 

Minimized  operational  space  requirements  necessitate  the  use  of  earth 
covered  steel  arch  magazine  larger  than  the  standard  type  magazine.  Here, 
the  required  interior  height  and  the  floor  width  of  the  structure  are  20  feet  and 
30  feet,  respectively.  To  accommodate  these  space  requirements,  a corru- 
gated steel  semi-circular  arch  having  a radius  of  16  feet  is  used.  The  bottom 
of  each  end  of  the  arch  (spring  line)  is  mounted  on  a 2-foot  thick  and  4-foot 
high  concrete  side  wall.  Both  end  walls  of  each  arch  are  constructed  of  laced 
reinforced  concrete.  Use  of  this  igloo  construction  was  authorized  by  cogni- 
zant safety  officers  with  the  stipulation  that  the  steel  plate  for  the  arch  will  be 
3/8-inch  thick  and  that  the  arch  will  have  a full  180-degree  cross-section 
(Figure  12).  The  end  walls  of  the  arch  are  designed  to  resist  the  effects  of  an 
explosion  within  a ramp  exterior  of  the  walls.  On  the  other  hand,  in  the  event 
of  an  explosion  within  the  igloo,  the  structure  will  fail  relieving  the  explosive 
efficts  to  the  atmosphere. 

Separation  and  Remote  Operation  of  Hazardous  Processes 

The  separation  of  hazardous  operations  from  other  operations,  and 
remote  operation  of  these  hazardous  processes  are  interrelated.  For  Hazard 
Category  II  operations,  prevention  of  a propagation  is  required;  whereas 
complete  protection  for  both  the  personnel  and  the  equipment  must  be  afforded 
for  Hazard  Category  III  operations.  In  general,  all  Hazard  Category  II  and  III 
operations  Involving  large  quantities  of  explosives  (greater  than  approximately 
30  pounds)  should  be  located  in  separated  structures.  This  has  been  achieved 
in  the  Lone  Star  facility  by  utilizing  igloos  and  other  types  of  orotective  con- 
struction and  by  performing  high  hazard  operations  (Category  LI  and  110  remotely. 

As  may  be  expected,  remote  operating  of  processes  will  require  surveillance 
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system.  This  is  achieved  with  the  use  of  complete  telemetering  and  remote 
visual  monitoring  (Television)  systems.  All  monitoring  equipment  are  located 
in  a centralized  control  facility;  the  construction  of  which  provides  full  pro- 
tect! on  for  operating  personnel . 

EXPLOSIVE  WASTE  COLLECTION  SYSTEM 


The  explosive  waste  collection  system  used  in  the  proposed  105mm 
projectile  melt/load  facility  at  LSAAP  essentially  mixes  the  waste  explosive 
in  water  and  then  transports  the  mixture  to  a treatment  building  where  the 
explosive  is  removed  from  the  water  prior  to  being  sent  to  an  incinerator. 

The  waste  is  either  passed  directly  into  process  scrubbers  within  the 
process  building  where  it  is  generated  when  the  quantity  of  waste  is  relatively 
small.  For  larger  explosive  quantities,  the  waste  is  transported  by  pneu- 
matic lines  to  a wet  collector  building  situated  adjacent  to  the  process  building, 
Fig  13.  Within  the  collector  building,  the  waste  also  enters  an  air  scrubber. 
When  the  explosive  enters  these  scrubbers,  it  passes  through  a water  spray 
and  forms  an  explosive/water  mixture. 

The  waste  in  water  suspension  passes  out  of  the  bottom  of  the  scrubbers 
where  the  mixture  is  pumped  to  a settling- basin  reservoir  where  the  explosive 
waste  is  initially  concentrated.  Each  building  containing  an  e:  losive  dust 
generating  operation  is  equipped  with  both  process  or  eq’iipmei.  air  scrubbers 
and  environmental  air  scrubbers.  The  latter  serves  to  collect  that  explosive 
dust  which  leaks  past  the  process  air  scrubber  and  is  subsequently  distributed 
throughout  the  building.  The  environmental  air  scrubbers  are  sized  to  reduce 
the  explosive  contamination  of  the  air  discharged  from  the  buildings  to  a safe 
level  for  personnel  as  specified  by  the  design  criteria.  As  for  the  process 
scrubbers,  the  explosive/water  mixture  collected  in  the  environmental  scrub- 
bers are  pumped  to  the  settling  basin  reservoirs. 

A settling  basin  reservoir  (Fig  14)  is  provided  for  each  building  or 
group  of  buildings  generating  explosive  waste.  Each  reservoir  is  designed  to 
provide  a minimum  retention  time  of  one  hour  for  the  contaminated  "pink  water" 
from  the  scrubbers.  Solids  carried  in  the  water  are  collected  in  "sump  pits" 
which  are  periodically  emptied  by  pumping  a water/solid  mixture  (approximately 
5 to  10  percent  solids)  to  the  pink  water  treatment  building  storage  reservoir 
where  it  is  held  prior  to  treatment  in  the  treatment  building.  Clear  water 
overflows  a weir  to  a clear  water  chamber  from  which  the  scrubbers  within 
the  process  buildings  draw  their  water  supply.  This  recirculation  of  water 
between  the  reservoir  and  the  process  building  will  minimize  the  amount  of 
pink  water  that  must  be  treated  in  the  treatment  buildings.  Sufficient  capacity 
is  provided  in  the  settling  basins  to  accommodate  the  potable  water  used  for 
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washdown  of  the  process  buildings  during  non- production  hours.  This  water 
is  pumped  by  sump  pumps  from  the  building  being  washed  to  the  treatment 
building  where  it  is  filtered  and  then  transferred  to  the  settling  reservoir. 

This  accumulated  washdown  water  serves  to  "make-up"  for  a major  portion 
of  the  evaporation  that  takes  place  in  the  air  scrubbing  equipment. 

For  each  pneumatic  line  leading  from  the  process  building,  two  scrub- 
bers are  provided  in  the  wet  collector  building;  namely,  pri.  iary  and  secondary 
collector  scrubbers.  The  explosive  dust  first  enters  the  primary  collector 
where  it  passes  through  a water  spray  similar  to  the  process  and  environ- 
mental scrubbers.  Because  of  the  large  quantity  of  explosive  waste  handled 
by  the  wet  collection  system,  a portion  of  the  dust  entering  the  primary 
collector  may  escape  the  water.  The  "non- captured"  dust  is  exhausted  to  the 
secondary  collector  where  the  collection  process  is  repeated.  The  air  passing 
through  the  secondary  collector  is  exhausted  to  the  atmosphere.  The  explosive/  i 

water  mixture  from  both  collectors  are  pumped  directly  to  the  treatment  5 

building  storage  reservoir  without  passing  through  a local  settling  basin  reser-  \ 

voir.  Water  supply  for  each  wet  collector  building  is  furnished  from  the  treat-  \ 

ment  building  reservoir.  ; 

Piping  for  the  pink  water  treatment  system  is  divided  into  four  units. 

Three  of  these  units  connect  the  local  collection  systems  (wet  collectors 
buildings  and  settling  reservoirs)  to  the  three  treatment  buildings.  The  fourth 
unit  interconnects  the  three  treatment  buildings  to  provide  operational  flexi- 
bility in  the  event  one  of  the  treatment  buildings  is  non-functioning. 

The  three  treatment  plants  are  essentially  identical.  The  water  treat- 
ment process  (Fig  15)  is  based  on  the  system  in  use  at  the  Iowa  AAP.  Con- 
taminated water  enters  the  process  through  a rotary  filter  within  the  building 
that  continuously  removes  solids  in  suspension.  Explosive  waste  removed 
by  the  filter  is  discharged  into  a collection  bin  where  it  is  retained  for  dis- 
posal in  a wetted  condition.  The  maximum  quantity  of  explosive  waste 
accumulated  is  approximately  600  pounds  before  it  is  removed  to  the  incinera- 
tor. The  filtered  water  is  directed  to  a storage  reservoir  immediately  adjacent 
to  the  treatment  budding.  This  reservoir  is  designed  in  a manner  similar  to 
local  settling  reservoir.  Explosive  waste  collected  in  the  reservoir  is  periodi- 
cally pumped  to  the  rotary  filter  for  removal. 

Water  containing  dissolved  nitro-bodies  and  solid  matter  of  minute  size  is 
drawn  from  the  clear  water  chamber  of  the  storage  reservoir  of  each  treat- 
ment building  and  directed  to  one  of  two  sets  of  water  purification  equipment. 

The  two  sets  of  equipment  are  arranged  in  parallel  with  one  another.  This  will 
permit  dual  operation  at  any  one  time.  Each  set  of  equipment  has  a treating 
capacity  of  20  gallons  per  minute  for  a total  capacity  of  120  gallons  in  all  three 
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buildings.  The  treatment  requirement  is  estimated  as  90  gallons  per  minute. 
This  arrangement  will  permit  any  one  of  the  six  sets  of  equipment  to  be  in- 
operable without  compromising  the  facility  needs. 

Each  set  of  equipment  consists  of  a pair  of  diatomaceous  earth  filters 
arranged  in  parallel,  two  "up- flow"  carbon  adsorption  columns,  a pre-coat 
tank  and  a body  feed  tank.  The  water  with  the  nitro-bodies  first  passes 
through  the  diatomaceous  earth  filters.  Prior  to  being  placed  into  operation, 
a cleaned  filter  must  be  pre-coated  with  a mixture  of  diatomaceous  earth  fibers 
and  water.  A small  amount  of  diatomaceous  earth  (mixed  in  water)  contained 
in  the  "body  feed"  tank  must  be  added  to  the  main  stream  of  the  process  flow 
ahead  of  the  filters.  The  discharge  from  the  earth  filters,  which  essentially 
contains  only  dissolved  TNT,  is  directed  to  the  inlet  of  the  first  of  the  two 
adsorption  columns.  The  second  column,  which  is  in  series  with  the  first 
column,  may  be  considered  as  a ’^polishing"  column.  After  leaving  the  polishing 
column,  the  clean  water  can  either  be  discharged  from  the  facility  as  over- 
flow or  returned  to  the  collection  system. 

Before  recharging  the  carbon  columns,  the  carbon  is  removed  through  a 
drain  and  then  is  passed  through  the  rotary  filter.  The  columns  are  charged 
hydraulically  from  a carbon  charging  vessel.  This  vessel  charges  all  four 
columns  in  any  one  building. 

CONCLUDING  REMARKS 

The  future  Lone  Star  Army  Ammunition  PlantlObmm  projectile  melt/ 
pour  modernized  facility  will  encompass  many  new  safety  innovations  which 
have  stemmed  from  recent  developments. 

To  achieve  full  production  requirements  within  allocated  land  areas, 
minimum  spacing  between  explosive  items  is  a necessity.  In  the  course  of 
acquiring  pre-design  safety  information,  a safe  spacing  between  00  lb  quanti- 
ties of  Comp  B for  boxes  and  buckets  of  12  feet  was  established.  By  limiting 
the  depth  of  explosive  spread  on  a belt  conveyor  to  one  inch,  propagation 
along  the  length  of  the  conveyor  is  eliminated. 

A problem  area  has  been  surfaced  in  which  the  AMCR  385-100  speci- 
fication of  109  inches  for  32-105mm  projectiles  loaded  with  Comp  B was 
inadequate  when  applied  to  a 16  projectile  carrier  configuration.  Further  tests 
with  suitable  shielding  will  be  made  to  achieve  separation  without  propagation 
at  reduced  distances. 

"Maze"  concepts  have  been  introduced  to  prevent  line  of  sight  propa- 
gation between  ramps  and  interior  of  buildings.  The  concept  of  a "safe  zone" 
has  been  developed  for  transit  of  palletized  projectiles  into  buildings  involving 
hazardous  operations. 


J 


Explosive  containing  buildings  are  separated  based  upon  barricaded 
or  unbarricaded  interline  distances  as  specified  by  the  safety  manual 
AMCR  385-100.  The  use  of  earth  covered  igloos  for  cooling,  funnel 
pulling  and  facing  operations  afford  cost  saving  approaches. 

Technical  Manual,  Army  designation  TM5- 1300,  employing  proven 
structural  techniques  should  be  employed  for  such  applications  as  protecting 
acceptor  structures  from  low  flying  debris  and  high  reflective  pressures 
stemming  from  explosive  blast  effects.  Where  applicable,  low  cost,  frangi- 
ble construction  should  be  employed  at  the  lower  pressure  environments 
which  would  exist  at  unbarricaded  interline  distance. 

Other  safety  considerations  must  include  analysis  and  separation  of 
hazardous  processes  and  use  of  such  aides  as  TV  monitoring  systems  for 
remote  operations.  Explosive  waste  collection  should  stress  capturing  of 
explosive  or  propellant  waste  particles  through  filtration  and  scrubbing 
systems  which  car.  later  be  recycled  into  the  basic  process  or  destroyed  by 
specially  designed  incinerators.  Explosive  wastes  in  water  solution  can 
be  removed  by  activated  carbon  columns,  with  the  latter  being  subjected 
to  regeneration. 
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GENERAL  PRODUCTION  CHARACTERISTICS 
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R BUILDING  NOMECLATURE  (CON’T) 
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Figure  3 (cont) 


MAJOR  BUILDING  NOMENCLATURE 

LONESTAR  AAP  105MM  HE.  Ml  LAP  LINE 
PROJECT  NO  5752626 
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-BELT  ORWE  UMT 


TRANSFER  ARRANGEMENT  NO  1 


371 


OF  XPL  GUANTITIE: 
‘A'  OR  'C') 


Figure  8 


o 

z 

</> 

</> 

UJ 

o 

o 

QC 

0. 


* 

3 

GO 


a 


3 h* 


cr» 

O 

uZ 


373 


BELOW  GROUND  BUILDING 


X-RAY  BUSLD'NG  QUANTITY/DISTANCE  SPACING 


X-RAY  BUILDING  FLOOR  PLAN 
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Figure  12 


SCHEMATIC  OF  TYPICAL 
EXPLOSIVE  WASTE  COLLECTION  SYSTEM 


OPERATING  BLDG 


SETTLING  BASIN  AND  WET  COLLECTOR  BUILDING 
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PINK  WATER  TREA  MEMT  AND  COLLECTION  RESERVOIR 


CARBON  COLUMN  UNIT  DIATOMACEOUS  EARTH 

FILTER  UNIT 


EXPLOSIVE  SAFETY  DESIGNS  IN  A 
CONTINUOUS  AUTOMATED  MULTI-BASE  PROPELLANT 
MANUFACTURING  FACILITY 


F.  T. 
Hercules 
Radford  Army 


Kri8toff 
Incorporated 
Ammunition  Plant 


ABSTRACT 


System  safety  studies  were  integrated  into  the  initial  concept  designs  for 
an  automated  prototype  plant  for  manufacturing  double-  and  triple-base 
propellants  at  Radford  Amy  Ammunition  Plant.  Quantitative  hazard  analysis 
studies  in  progress  are  assessing  the  safety  of  new  equipment  designs  and 
process  technology  changes  being  advanced  prior  to  implementation.  All 
ingredients  and  combinations  of  ingredients  to  be  encountered  in  this  plant 
were  subjected  to  hazard  test  analyses  to  establish  relative  initiation 
ease  and  explosive  reactivity  to  mechanical,  flame,  and  shock  stimuli.  This 
information,  in  conjunction  with  in-process  energy  measurements,  established 
operating  safety  margins,  introduced  system  design  changes  to  achieve 
acceptable  risks,  formulated  ingredient  add  sequences  posing  low  probability 
for  explosive  reactions,  and  introduced  safety  design  criteria  for  preventing 
explosive  propagating  reactions  in  a variety  of  process  equipment  and  material 
flows. 

Hazard  logic  modeling  (Fault  Tree  Analysis)  is  programmed  for  the  production 
facility  currently  in  the  design  stage.  This  quantitative  analysis  will 
focus  on  assessing  the  probability  for  occurrence  of  a fire,  explosion,  or 
process  interruption  through  the  application  of  system  failure  rate  data  for 
components  and  human  activities. 


Preceding  pege  blank 
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INTRODUCTION 


The  plan  to  construct  a modern  automated  multi-base  propellant  plant  at 
Radford  Army  Ammunition  Plant  represents  a new  era  in  the  propellant  and 
explosive  manufacturing  industry.  New  equipment  designs  and  manufacturing 
technology  are  being  advanced  to  produce  propellants  more  economically. 

More  important,  however,  manufacturing  concepts  are  being  advanced  for  which 
propellant  ingredients  and  ingredient  mixture  combinations  are  subject  to 
new  environments  for  which  prior  safety  experience  is  unknown.  The  conse- 
quence of  initiation  within  explosive  and  propellant  plants  is  most  acute 
since  the  combustible's  response  4 capable  of  violent  reactions  of 
catastrophic  proportions.  Only  within  the  last  year,  disastrous  incidents 
across  our  nation  attest  to  this  fact  and  have  added  to  the  tally  of 
personal  suffering  and  economic  losses.  Today,  the  risk  for  an  explosion, 
and  the  economic  losses,  are  even  greater  when  one  considers  the  trend 
towards  greater  impulse-producing  systems  and  the  complexity  of  automated 
manufacturing  operations  being  developed  under  the  modernization  program. 
Therefore,  experience  must  be  gained  and  satisfactory  safety  levels  demon- 
strated for  personnel,  the  facility,  and  the  product,  if  the  full  economic 
potential  of  an  automated  multi-base  facility  is  to  be  realized.  This 
cannot  be  accomplished  by  costly  and  uncertain  t r ial-and-error  procedures, 
but  requires  the  aid  of  advanced  system  safety  analytical  methods. 

The  Hercules-developed  Hazard  Evaluation  and  Risk  Control  (HERC)  approach 
to  system  safety  has  been  Integrated  Into  the  design  and  development 
efforts  for  an  automated  multi-base  plant  at  Radford.  This  safety  program 
meets  the  requirements  for  system  hazard  analysis  outlined  by  ARMCOM 
Regulation  383-4.  As  seen  in  Figure  1,  the  anal  vt.ical  safety  disciplines 
consisting  of  Preliminary  Hazards  Analysis  O’llA)  , Failure  Mode  and  Effect 
Analysis  (FMF.A) , and  Fault  Tree  Analysis  ( FLA.)  are  systematically  programmed 
at  the  appropriate  concept,  design,  pilot,  and  production  development  stages. 
Emphasis  in  these  safety  studies  Is  placed  on  Interfacing  engineering  and 
process  designs  with  quantitative  hazard  analyses  to  prevent  initiation, 
minimize  the  chance  for  explosive  reactions,  and  maximize  operational  safety 
in  terms  of  process  economics.  The  numerous  PHA  and  quantitative  safety 
margin  analyses  performed  on  prototype  equipment  and  processing  procedures 
are  documented.!/  and  are  not  presented  in  this  report. 

The  purpose  of  this  report  is  to  present  the  findings  and  conclusions 
regarding  the  sensitivity  of  in-process  materials  and  the  applications  of 
flame  transition  and  explosive  propagation  data  for  effecting  safety  designs 
to  reduce  the  explosive  hazard  potential  in  operating  equipment  and  between 
interconnecting  bays. 


DISCUSSION 


A.  PLANT  DESCRIPTION  BRIEF 

The  automated  multi-base  plant,  in  pilot  development,  is  being  designed  to 
manufacture  2.4  million  pounds  per  month  of  the  M26  double-base  or  the  M30 
triple-base  formulations.  A process  flow  schematic  is  shown  in  Figure  2. 

In  operation,  preconditioned  propellant  ingredients  nitrocellulose  (NC) , 
nitroglycerin  (NG) , nitroguanidine  (NGu) , stabilizer,  and  other  additives 
are  continuously  weigh-fed  into  a ribbon  blade  premixer.  Initial  ingredient 
blending  with  some  solvent  is  accomplished  in  this  unit.  The  blend  is  then 
continuously  weigh-fed  into  a horizontal  twin  paddle  mixer  for  mix  plasti- 
cization. Exiting  pelletized  green  dough  enters  a screw  extruder  for  further 
consolidation  and  final  granule  sizing.  Green  cut  granules  are  then  water- 
veyed  to  air  dry  modules  for  acetone  and  alcohol  removal.  Final  processing 
consists  of  propellant  blending  and  glazing  prior  to  final  packout  at  can 
pack. 

In  this  plant,  .11  equipment,  ingredient,  and  in-process  propellant  flows  are 
remotely  monKi  ced  and  controlled.  Several  explosive  safety  concepts  were 
investigated  J hanges  no  equipment  design  or  operating  procedures  were 
made  on  the  basis  of  test  data  to  reduce  the  chance  for  an  explosion.  They 
included : 

(1)  reducing  the  sensit i /ities  of  propellant  ingredients  by  altering 
material  physical  characteristics; 

(2)  profiling  the  propellant  formulation's  response  to  flame  and  shock 
stimuli  to  establish  safe  ingredient  add  sequences  during  premixing 
operations ; 

(3)  establishing  nonexplosive  propagation  dimensions  for  ingredients  and 
propellants  on  interconnecting  conveyors; 

(4)  establishing  materials  of  construction  and  dimensions  for  an  in-line 
safety  door  concept  for  preventing  explosive  propagation  reactions  in 
pneumatic  conveying  systems. 


B.  ALTERING  COMBUSTIBLE  SENSITIVITY 

Production  continuity  in  an  automated  multi-base  plant  requires  propellant 
ingredients  be  continuously  fed  to  the  process.  This  is  accomplished  by  bulk 
storage  or  interfacing  input  feeds  from  ingredient  manufacturing  facilities 
as  in  the  case  of  NC  and  NG.  One  potentially  hazardous  operation  involved 
feeding  the  nitroglycerin  to  the  premixer.  The  nitroglycerin  feed  system  is 
designed  to  pressure  transfer  an  NG/solvent  mix*  from  a storage  dt  iccator 


* Solvent  mix: 
M26  : 
M30: 


NG/ace tone /al coho 1/cent ralite 

52/20/16/12 

57/21/1 8/c 
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to  a metering  tank.  This  mixture  then  flows  under  gravity  to  the  premixer. 
Overall  process  safety  demands  that  explosive  propagation  be  prevented 
between  interconnecting  equipment  and  operations. 

As  seen  from  data  in  Table  I,  nitroglycerin  is  easily  initiated  by  mechanical 
stimuli,  exhibits  flame  initiated  explosive  characteristics  at  low  heights, 
and  is  capable  of  propagating  an  explosive  reaction  at  a thin  film  thickness 
of  <0.1  inch.  Explosive  safety  design  analyses  investigated  the  relative 
safety  benefit  of  alter ; ng  the  sensitivity  of  NG  by  dilution  with  acetone  and 
ethyl  alcohol  process  solvents.  Of  particular  interest  was  establishing  a 
nonpropagating  explosive  transfer  line  dimension  between  equipment  for  an 
NG/solvent  ratio  commensurate  with  manufacturing  requirements. 

In  general,  the  sensitivity  of  NG  to  all  initiating  stimuli  was  found  to  be 
improved  when  diluted  with  acetone  and  ethyl  alcohol  miscible  solvents.  As 
seen  from  data  in  Table  I,  a 75/25  NG/solvent  mix  requires  greater  amounts 
of  impact  and  friction  energy  for  initiation.  Also,  diluting  NG  with  25 
percent  solvent  reduces  processing  hazards  by  increasing  the  solvent  mix 
dimensions  for  explosion  when  subjected  to  flame  and  shock  stimuli.  In 
particular,  less  confinement  materials,  such  as  rubber,  Increased  the  critical 
diameter  for  explosive  propagation  throughout  the  solvent  mix.  In  rubber 
casting  hose  and  steel  confinement,  the  minimum  dimensions  determined  which 
would  not  propagate  an  explosion  were  0.75  and  0.25  inch,  respectively. 

On  the  basis  of  this  information,  NG/solvent  mix  transfer  lines  were  sized 
for  maximum  of  3/4-inch  ID  rubber  between  the  storage  desiccator  and  premixer 
unit  (Figure  3) . This  does  not  preclude  explosive  reactivity  of  the  NG/ 
solvent  mix  in  the  desiccator  or  metering  tank,  but  precludes  a shock  induced 
explosion  being  propagated  between  equipment  located  in  separated  bays.  The 
lower  NG  concentrations  used  in  manufacturing  the  M26  and  M30  formulations 
are  expected  to  be  less  sensitive  than  the  75/25  NG/solvent  mix  tested;  hence, 
an  even  greater  degree  of  safety  exists  in  fhis  transfer  system  design  for 
prevention  of  initiation  and  explosion  propagation  reactions. 


C.  INGREDIENT  ADD  SEQUENCE 

Previous  data^./  revealed  an  ingredient  mixture  of  NC  and  NG  was  sensitive  to 
flame  and  reacted  explosively  at  low  heights  in;the  critical  height-to~ 
explosion  test.  Also,  earlier  investigatorsll^.'  had  revealed  that  a "Hot 
Period"  was  present  during  triple-base  propellant  mixing.  The  term  "hot 
period",  conceived  by  earlier  investigators,  connotated  that  triple-base  mix 
dough  was  more  sensitive  after  the  solid  ingredient  NGu  was  added  to  conven- 
tional sigma  bladed  mixers.  Sensitivity  tests  were  performed  on  selective 
ingredient  mixtures  to  establish  safe  ingredient  addition  sequence  to  the 
premixer.  Also,  flame  and  shock  explosive  tests  investigated  the  "hot  period" 
during  triple-base  mixing. 

-1- * Ingredient  Addition 

When  compared  to  conventional  M30  premix  procedures,  the  alternate  ingredient 
add  procedure  established  for  automated  multi-base  propellant  manufacture 
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offers  the  safety  advantages  of  eliminating  handling  and  addition  of 
undiluted  NG  to  the  premixer  and  premixing  of  a sensitive  ingredient  mixture 
combination.  seen  from  data  in  Table  II,  addition  of  NG/solvent  mix  to 
dry  NGu  sign'  icantly  reduced  the  impact  and  friction  sensitivity  when 
compared  t'  che  NG/NC/solvent  mix  Ingredient  combination  used  in  conventional 
manufacture.  When  NC  is  addnd  to  the  alternate  mix,  this  ingredient  mixture 
becomes  more  sensitive  and  exhibits  sensitivity  values  comparable  to  the  M30 
final  propellant  matrix  in  conventional  manufacture. 

When  assessed  from  an  explosion  hazard  standpoint,  a mixture  of  NG/NC  at 
total  volatile  level  of  7-10  percent  was  found  to  be  sensitive  to  flame. 

This  ingredient  mix  progresses  from  slow  burning  to  an  explosion  at  a low 
material  height  of  6 inches  in  2-inch  diameter  steel  confinement  (see  Table 
III).  The  alternate  mix  procedure  in  which  NG/solvent  mix  is  added  to  dry 
NGu  then  followed  by  the  NC  add  results  in  a less  flame  sensitive  mixture. 

This  is  readily  apparent  by  the  greater  material  height  required  for  explosive 
reactions.  This  reduction  in  sensitivity  is  attributed  to  two  factors, 
namely,  (1)  the  solid  Ingredient  NGu  is  not  particularly  sensitive  to  flame 
(see  Table  V),  and  (2)  the  higher  total  volatile  solvent  level  introduces 
added  safety  by  increasing  material  heights  for  explosive  reactions. 

On  the  basis  of  these  data,  the  principal  ingredient  add  sequence  to  the 
premixer  was  established  as  NGu,  NG/solvent  mix,  NC,  and  additives  for  the 
M30  formulation  (Figure  4).  A similar  analysis  was  performed  for  the  M26 
double-base  formulation  and  an  ingredient  add  sequence  established  on  the 
basis  of  the  sensitivity  data  profile. 

The  low  explosion  hazard  for  the  M30  and  M26  alternate  premix  was  substan- 
tiated in  simulated  flame  tests  in  a premixer  model.  These  preliminary 
results  affirm  that  the  preraixer  design  will  vent  (prevent  destructive 
pressures)  a burning  reaction  for  premix  ingredient  blends  at  the  20  percent 
total  volatile  solvent  level.  Additional  tests  are  planned. 

2 . Hot  Cycle  Period 

Sensitivity  testing  was  performed  to  define  the  impact,  friction,  flame,  and 
shock  sensitivity  response  for  M30  propellant  green  mix  immediately  after 
the  NGu  additions  and  at  other  times  during  the  mix  cycle.  This  profile 
analysis  was  necessary  to  obtain  data  for  comparing  relative  sensitivities 
between  conventionally  manufactured  M30  green  mix  and  the  alternate  ingredient 
addition  sequence  proposed  for  the  automated  multi-base  line.  Also,  this 
analysis  provided  insight  as  to  the  validity  of  hazardous  periods  ("Hot 
Period")  during  triple-base  propellant  mixing  noted  by  previous  investigators. 

Data  in  Table  IV  show  no  M30  green  mix  ingredient  mixture  combination  which 
is  exceptionally  sensitive  to  impact  or  friction  stimuli  during  mixing.  The 
improvement  in  impact  sensitivity  shown  for  h30  green  mix  with  mixing  time 
is  due  to  greater  residual  solvent  levels  and  addition  of  ingredients  NGu, 
cryolite,  and  ethyl  centralitc,  which  are  not  se  sitive  to  this  stimuli.  No 
correlation  is  observed  to  exist  between  M30  green  mix  frictional  sensitivity 
with  mixing  time  or  residual  solvent  content.  It  is  noted  that  the  friction 
threshold  values  for  M30  green  mixes  after  the  NGu  add  are  high  and  are 
comparable  to  that  for  dry  NGu. 
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As  seen  from  data  in  Table  V,  the  M30  propellant  green  mix  is  not  sensitive 
to  bottom  flame  initiation  during  the  mixing  operation.  The  various  green 
mixes  tested  after  NGu  additions  and  as  a function  of  mixing  times  failed  to 
react  explosively  up  to  material  heights  of  24  inches  in  2-  and  4-inch  steel 
confinement.  Failure  of  the  M30  green  mix  to  react  explosively  in  the 
standard  critical  height-to-explosion  test  is  attributed  primarily  to  high 
residual  solvent  levels,  mix  homogeneity,  minimal  mix  surface  area  exposure 
to  the  flame  front,  and  the  low  sensitivity  of  NGu  to  flame  initiation. 

Date  in  Table  V further  confirm  earlier  blasting  cap  test  results  shoving 
all  M30  green  mixes  tested  are  sensitive  to  shock  and  exhibit  a confined 
critical  diameter  for  explosive  reactions  at  1.0  inch  and  below.  The  con- 
fined critical  diameter  of  <1/2  inch  shown  for  green  mixes  after  the  second 
NGu  add  might  be  attributed  to  the  NGu  itself,  since  the  ingredient  readily 
propagates  shock-induced  explosive  reactions  at  dimensions  >1/4  inch. 

Isolated  dry  pockets  and  thick  layers  of  NGu  coating  the  green  mix  would  be 
exposed  to  the  shock  stimulus  because  long  mixing  times  are  required  for 
incorporating  the  large  amounts  of  this  ingredient  into  the  matrix. 

The  fractional  blasting  cap  test  employed  by  earlier  investigators  is  based 
on  a go-no-go  criteria  using  shock  as  th£  initiating  stimulus.  This  test 
yields  no  quantitative  threshold  sensitivity  data  for  assessing  operational 
hazards  or  safety  margins  for  credible  initiating  stimulus  such  as  impact, 
friction,  thermal,  etc.,  or  I>r  predicting  explosive  reactions  if  initiation 
occurred.  Since  shock  is  the  aftermath  of  an  initiation  stimulus  which  has 
progressed  to  an  explosion,  it  is  reasonable  to  question  the  validity  and 
interpretation  of  earlier  cap  test  data  regarding  the  hazard  of  conventional 
triple-base  mixing  operations.  The  likelihood  that  shock  energies  equivalent 
to  that  supplied  by  blasting  caps  would  be  the  initial  cause  of  an  explosion 
during  propellant  mixing  operations  is  unrealistic.  Such  energies  would 
have  to  result  from  a violent  reaction  in  an  adjacent  operation.  Therefore, 
a more  reasonable  and  realistic  criteria  for  assessing  hazards  during  mixing 
should  be  based  on  material  reactivity  to  flame  under  existing  processing 
environments.  Initiation  by  flame  is  considered  the  more  likely  source 
should  sufficient  energy  through  impact,  friction,  electrostatic  discharge, 
or  thermal  means  ignite  the  mix. 

On  the  basis  of  the  above  and  the  criteria  that  initiation  and  flame  sensi- 
tivity data  are  mote  reasonable  approaches  for  assessing  explosion  hazards 
than  the  cap  test,  it  is  concluded  that  no  "hot  period"  exists  during  triple- 
base propellant  mixing. 

The  low  probability  for  an  explosion  during  conventional  M30  triple-base 
mixing  operations  is  further  supported  by  24  years  of  operational  history. 
Radford  has  experienced  only  two  fires  during  M30  mixing  operations.  One 
fire  occurred  when  cleaning  an  empty  mixer  and  the  other  during  the  mix  cycle. 
Neither  transited  to  an  explosion.  When  considering  that  approximately  173 
million  pounds  of  triple-base  propellant  have  been  manufactured  at  Radford 
since  1950  (equivalent  to  approximately  384,400  450-pound  mixes  processed), 
past  operating  experience  demonstrates  that  the  probability  for  mix  initiation 
or  explosion  is  quite  low  during  triple-base  propellant  manufacture. 
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D. 


MATERIAL  TRANSPORT 


The  transport  and  movement  of  solids  is  a common  operation  and  usually 
involves  some  mechanical,  gravitational,  or  pneumatic  transport  technique. 

In  particular,  pneumatics  and  gravity  are  considered  efficient  techniques 
for  transporting  solids,  since  such  techniques  provide  low  handling  costs, 
flexibility,  and  adaptability  to  remote  operation.  These  operations, 
however,  are  potentially  hazardous  because  of  atmospheric  dust,  electrostatic 
generation,  friction,  or  particle  impingement . Richardson,  et  al,— ' investi- 
gated the  hazards  associated  with  pneumatic  conveying  and  established 
operating  parameters  for  safely  handling  and  conveying  high-energy  double-base 
formulations. 

Two  safety  concepts  studied  for  possible  applications  in  the  automated 
multi-base  line  were  an  in-line  safety  door  in  a pneumatic  conveying  system 
and  right  angle-vertical  separation  spacing  of  mechani'  i1  conveyors  between 
manufacturing  buildings. 

1 . In-Line  Safety  Door 

The  in-line  safety  door  concept  relies  upon  the  alternate  cycling  of  explosion 
lnterruptor  gates  to  seal  portions  of  a dual-leg  conveying  system.  Solid 
transfer  is  semi-continuous;  however,  a straight  through,  open  line  does  not 
exist  at  any  time  between  operating  buildings.  The  concept  design  in  Figure 
5 shows  solids  transfer  in  legs  1 and  2 while  legs  3 and  4 are  sealed  off 
with  in-line  safety  doors.  When  the  cycle  is  alternated,  propellant  is 
transferred  in  legs  3 and  4.  During  this  time,  in-line  safety  doors  seal  off 
transfer  legs  1 and  2.  A barricade  provided  midway  and  between  the  inter- 
mediate surge  hopper  stations  protects  against  missile  hazards  or  sympathetic 
explosions  between  hoppers  and  in  conveying  legs  containing  propellant. 

The  test  arrangement  shown  in  Figure  6 was  employed  to  establish  the  minimum 
safety  door  thickness  necessary  to  prevent  initiation  of  M26  and  M30  propellant. 
This  test  is  essentially  a modified  version  of  the  card  gap  test.  The  candi- 
date door  material  is  placed  between  M26  or  M30  propellant  donor  and  acceptor 
samples.  The  dcor  material  thickness  necessary  to  attenuate  the  shock  of  the 
donor  Initiator  is  then  established  which  will  prevent  acceptor  initiation. 

Tills  test  simulated  the  severe  condition  of  propellant  present  on  both  sides 
of  an  in-line  safety  door  in  a pneumatic  conveyor. 

As  seen  from  data  in  Table  VI,  Lucite,  Lexan,  or  stainless  steel  thicknesses 
necessary  for  interrupting  a shock  propagating  reaction  are  large  and  vary 
with  material  physical  properties.  The  more  dense  stainless  steel  required  a 
gap  thickness  of  1.12  inches  to  prevent  M26  acceptor  sample  initiation  as 
opposed  to  the  5.5  inches  for  the  more  brittle  Lucite.  This  safety  concept 
appe  rs  unattractive  because  of  size  and  weight  considerations  in  the  practical 
desi  n of  an  in-line  safety  door,  particularly  for  the  more  shock  sensitive 
M26  . ormulation . In  view  of  these  unattractive  features,  additional  testing 
was  performed  introducing  a frangible  cellulose  acetate  line  section  a short 
distance  in  front  of  the  simulated  door  material  under  test.  This  concept 
proved  effective  in  dissipating  the  shock  energy  of  the  explosive  donor  and 
reduced  the  thickness  barrier  requirements  for  an  explosion  interrupter  safety 
door.  This  is  readily  apparent  from  a significant  reduction  of  1.0  inch  in 
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gap  thickness  to  prevent  M26  acceptor  initiation  when  the  frangible  line 
section  concept  is  employed  (Table  VI).  Although  not  tested,  similar 
reduction  in  gap  thickness  to  prevent  acceptor  initiation  would  be  expected 
for  the  Lucite  and  Lexan  materials. 

Although  considered  in  design  applications,  present  plans  are  not  to 
pneumatically  convey  propellants  in  the  automated  multi-base  plant. 

2.  Mechanical  Conveyors 

Belt  and  vibratory  conveyors  will  be  used  to  transport  propellant  ingredients, 
premix,  and  solvent-wet  cut  powder  between  operating  bays  and  buildings.  The 
several  methods  available  to  prevent  propagation  of  an  explosion  between 
buildings  via  the  material  train  on  conveyors  include:  (1)  maintaining 

material  bed  depths  below  the  critical  dimension  for  explosive  propagation, 

(2)  incremental  or  pulse  feeding,  and  (3)  maintaining  adequate  vertical 
separation  distance  between  conveyors  positioned  at  right  angles.  The 
application  of  the  above  techniques  in  explosive  safety  design  must  be 
evaluated  on  the  basis  of  material  physical  state  in  the  process  and  produc- 
tion requirements.  Maintaining  material  depth  below  the  critical  diameter 
is  not  always  practical  because  it  could  limit  production  capacity.  Incre- 
mental feeding,  although  a feasible  safety  concept,  has  the  potential  for 
adjacent  Increments  to  be  dispersed  from  an  initial  shock  and  form  reactive 
dust-laden  atmospheres  capable  of  propagating  through  the  conveyor  system. 

The  concept  of  right  angle-vertical  separation  distance  appeared  most 
promising  for  continuous  automated  multi-base  applications.  This  explosive 
safety  concept,  depicted  in  Figure  7,  is  predicated  on  the  basis  that  (1) 
vertical  separation  introduced  between  conveyors  would  fluidize  material 
flow,  thus  alter  the  combustible's  critical  diameter,  and  (2)  positioning 
conveyors  at  right  angles  would  provide  material  interruption  and  directional 
change  to  prevent  an  explosive  reaction  being  propagated  the  entire  conveyor 
length.  Assurance  that  this  design  concept  would  function  as  an  explosion 
interruptor  was  verified  in  simulated  conveyor  tests. 

Data  in  Table  VII  show  right  angle  placement  of  conveyors  together  with  a 
minimum  vertical  separation  distance  of  nine  inches  is  necessary  for 
preventing  explosive  propagating  reactions  between  solid  feed  conveyors  that 
may  occur  either  upstream  or  downstream  from  conveyor  junctions.  Explosive 
reactions  are  propagated  around  right  angle  bends  in  conveyors  when  maintained 
at  vertical  separation  distances  of  six  inches  or  less. 

NGu,  approximately  15  percent  alcohol-wet  NC,  M30  premix,  and  M26  and  M30 
finished  granules  failed  to  propagate  explosive  reactions  between  conveyors 
when  tested  in  the  above  test  configuration.  Material  bed  depths  exceeded 
their  critical  diameters  in  these  tests. 

On  the  basis  of  the  above,  this  safety  concept  has  been  adopted  in  automated 
multi-base  operations. 
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CONCLUSION 


Although  advancements  in  analytical  hazards  analysis  are  being  continually 
pursued  and  applied  for  assessing  and  designing  safety  in  explosive  and 
propellant  manufacturing  operations,  prevention  of  initiation  cannot  be 
absolutely  assured.  Understandably,  the  probability  for  incident  occur- 
rence is  reduced  or  minimized  through  applications  of  the  qualitative  and 
quantitative  procedures  of  Preliminary  Hazard  Analysis,  Failure  Mode  and 
Effect  Analysis,  and  Hazards  Fault  Tree  Logic.  However,  the  chance  always 
exists  for  system  failures,  human  errors,  and  deviations  from  procedures 
to  be  a primary  cause  for  initiation.  Therefore,  the  problem  confronting 
the  design  and  safety  engineer  becomes  one  of  effecting  equipment  designs 
and  processing  procedures  having  low  probability  for  explosive  reactions. 
The  combination  of  the  critical  height,  critical  diameter,  and  simulated 
equipment  test  provides  the  analyst  with  valuable  tools  for  establishing 
equipment  designs,  operating  quantities,  and  procedures  for  reducing  the 
explosion  probability  in  the  event  of  initiation. 
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A MANAGEMENT  APPROACH  TO  SAFETY  DURING 
PUNT  MODERNIZATION  AND  AN  EXAMPLE  OF  ACTUAL  APPLICATION 

J.  0.  Gill  (Part  A)  and  J.  A.  Kress  (Part  B) 

Naval  Ammunition  Production  Engineering  Center 
Crane,  Indiana 

One  technique  for  obtaining  "built  in"  safety  while  conceiving 
or  planning  modernized  ammunition  facilities  is  to  utilize  the  exper- 
tise of  safety  specialists  as  members  of  the  project  team.  Nothing 
earth-shattering  about  this,  except  it  isn't  usually  done.  Figure  (1) 
illustrates  a typical  project  team,  which  consists  of:  an  explosive 

loading  engineer,  a contracting  officer,  an  industrial  or  mechanical 
engineer,  a field  activity  representative,  a structural  engineer  and 
a product  engineer. 

The  normal  use  of  safety  specialists  seems  to  come  toward  the 
end  of  a phase  of  a project  or  study,  and  if  safety  has  objections, 
that  usually  means  starting  all  over  again.  If  this  occurs  during 
the  preparation  of  final  drawings  and  specifications,  the  redrawing 
and  rewriting  could  cause  a considerable  delay  in  the  project,  or  if 
the  objections  come  after  a feasibility  or  other  type  study,  the 
conclusions  may  be  meaningless  or  at  least  questionable. 

The  case  we  will  present  today  is  the  Western  Demilitarization 
Facility  at  NAD  Hawthorne,  Nevada. 

The  original  study  was  found  to  be  unacceptable  in  some  parts 
to  our  safety  office.  The  study  was  re-examined  incorporating  safety 
specialists  as  project  team  members. 

In  doing  this,  two  alternatives  were  considered:  (1)  hire  a 

consultant  and  (2)  utilize  Navy  authorities.  Two  factors  were 
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against  hiring  a consultant  - one  was  the  time  required  for  contracting, 
and  the  other  was  budget  constraints.  Therefore,  it  was  decided  to 
employ  in-house  authorities. 

This  type  of  safety  review  has  been  used  before  for  plant  modern- 
ization and  in  one  study  review,  we  have  utilized  as  many  as  13  people 
for  the  safety  review  panel.  This  sized  group  worked  well,  but  was 
rather  expensive.  The  main  advantage  was  quick  response  and  a 
variety  of  viewpoints  on  the  subject  under  discussion.  The  main  dis- 
advantage was  cost. 

The  right  number  seems  to  be  three.  These  three  individuals 
should  be  competent  in  safety  concerning  structures,  equipment,  and 
processes.  However,  they  should  be  free  to  call  on  any  other  authority 
that  may  be  required  for  specific  problems.  This  Safety  Review  Panel 
(SRP)  simply  added  another  block  to  our  organization  chart  shown  by 
Figure  (2). 

This  team  should  meet  regularly  (about  every  two  or  three  weeks) 
with  the  full  project  team  to  review  current  data,  report  on  any  tests 
or  calculations  performed  between  meeting  periods  and  provide  input 
and  data  to  overcome  current  problems. 

The  main  task  of  the  SRP  should  center  on  hazard  analysis  of 
innovative  features  of  the  proposed  facility  and  production  equipment 
design;  and  the  cause  of,  and  consequences  of,  accidental  explosions. 

An  informal  system  safety  analysis  should  be  conducted  in  accordance 
with  Military  Svandard  882.  Some  of  the  evaluation  techniques  that 
should  be  employed  are:  (1)  a complete  review  of  the  study  if  there 

was  one  u ready  prepared,  or  work  closely  with  a contractor  during 
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the  study  phase  if  a study  is  just  starting;  (2)  perform  a conservative 
paper  study  of  potential  hazards  that  might  be  involved  in  the  process; 
(3)  make  on-site  visits  to  inspect  the  facilities  if  existing  buildings 
are  to  be  used  or  visit  the  site  if  new  construction  is  planned;  (4)  take 
field  trips  to  view  similar  operations  or  manufacturer's  plants;  (5)  hold 
discussions  of  possible  controversial  issues  with  DDESB  representatives 
for  guidance  or  help  in  solving  problems;  (6)  perform  or  verify  pre- 
viously performed  overpressure  calculations  of  a building's  structural 
integrities  based  upon  the  proposed  explosive  limits;  (7)  hold  in-depth 
discussions  of  all  facets  and  areas  to  achieve  a complete  review  of  the 
project;  (8)  a final  written  report  should  be  compiled  at  the  end  of 
each  phase  (study,  test,  operational , construction).  This  report 
should  document  what  the  SRP  did  and  their  conclusions. 

Two  other  techniques  may  be  used  by  the  project  leader  to  define 
and  clarify  responsibility.  On  is  the  well  known  PERT  or  CPM  chart; 
an  example  is  shown  by  Figure  (3)  and  the  other  is  a linear  responsi- 
bility chart  (LRC)  shown  by  Figure  (4).  This  type  of  chart  demands 
that  a project  be  thought  through  before  work  begins  and  it  will 
t*  sist  management  in  controlling  the  tasks  and  functions  of  the  project 
team,  as  it  specifically  identifies  responsibility. 

Our  latest  use  of  the  SRP  was  during  the  modernization  study  of 
our  LAP  plants.  The  SRP,  as  a member  of  the  project  coordinating  team, 
reviewed  each  phase  of  the  study  as  it  was  completed  by  the  contractor 
and  provided  guidance  so  that  safety  became  "built  in"  to  the  study. 
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As  a part  of  the  modernization  study,  a complete  hazard  analysis  was 
performed  and  reviewed  by  the  SRP  before  the  study  was  published. 

The  demil  project  we  are  going  to  present  i.day  had  a feasibility 
study  made  of  It.  This  study  was  oriented  toward  processes  and  site 
layout  and  did  not  specifically  address  new  safety  techniques  or  findings. 

As  previously  mentioned,  the  study  w^s  re-examined  incorporating 
safety  specialists  and  they  applied  the  latest  safety  criteria  and  in 
doing  so,  helped  the  project  by: 

a.  Increasing  flexibility  by  going  from  end  item  orientation 
to  process  orientation. 

b.  Lowering  the  construction  cost  by  developing  acceptable 
overpressure  design  requirements  that  reduced  wall  thickness. 

c.  Reduced  compatibility  problems  by  requiring  safety 
process  separation. 

This  effort  of  reviewing  for  safety  as  part  of  the  engineering 
effort  resulted  in  a faster  completion  time  than  expected  because  all 
finished  work  was  almost  assured  of  approval.  This  effort  was  also 
cost  favorable  due  to  the  shortened  approval  time  and  extra  benefits 
to  the  facility. 

The  actual  cost  of  Increasing  the  size  of  the  project  team  by 
three  or  more  additional  people  in  this  Instance  amounted  to  about 
eight  man  months,  because  they  did  not  apply  full  time  to  the  project 
and  no  lengthy  tests  or  calculations  were  required.  The  dat*  :nllected 
and  applied  will  have  application  to  other  projects. 

I would  like  now  to  Introduce  Mr.  Jack  Kress,  who  will  present 
some  of  the  before  and  after  results  of  applying  new  safety  criteria 
to  one  of  our  on-going  projects:  the  Western  Demilitarization  Facility. 
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The  Western  Demilitarization  Facility  concept  was  initially 
generated  by  awarding  a feasibility  study  and  resulted  in  the  facility 
as  shewn  in  Figure  5.  This  initial  facility  concept  provided  for  a 
departure  point  in  developing  the  final  facility  configuration. 

The  feasibility  study  facilitv  layout  had  the  following  short- 
comings: 

a.  Munition  end-item  oriented. 

b.  Building  explosive  incident  has  major  facility  capa- 
bility impact. 

c.  Through-put  restricted. 

d.  Process  compatibility  deficient. 

e.  Building  over-pressure  design  costly. 

After  safety  involvement  as  a part  of  the  project  team,  the  new 
facility  resulted  in  the  following  (see  Figure  6 and  7): 

a.  Process  oriented  facility. 

b.  Building  explosive  incidents  have  minimal  facility  capa- 
bility impact. 

c.  Through-put  optimized. 

d.  Process  compatibility  practically  non-existent. 

e.  Building  separations  greatly  reduce  costs  to  meet  over- 
pressure design. 

The  following  is  a general  description  of  the  over-all  facility 
capability  and  characteristics. 

The  facility  will  be  capable  of  demilitarizing  nearly  all  of  the 
Navy's  varieties  of  conventional  munitions  plus  a large  number  of 
Army  items.  The  most  stringent  environn'ental  protection  will  be 
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provided  in  all  operations.  Operating  personnel  will  be  protected  by 
the  latest  construction,  site  layout,  operational  procedure,  and  process 
equipment  techniques.  Demilitarization  down-loading  processes  will  be 
used  to  provide  significant  tangible  monetary  gains  by  sale  of  salvage 
material  and  reuse  of  explosives  and  munition  components. 

All  gun  ammunition  from  .30  caliber  bullets  through  16"  projec- 
tiles; all  bombs,  mines,  end  depth  charges  up  to  3,000  pounds  net 
explosive  weight;  many  solid  propellant  rocket  grains;  all  cluster 
weapons;  and  many  rocket  warheads,  grenades,  cartridge -activated 
devices,  demolition  materials,  and  pyrotechnics  can  be  processed  with 
this  facility.  Facility  construction  methods  will  provide  for  building 
capability  to  handle  such  a vast  variety  of  munitions  as  well  as  varied 
equipment  and  process  configurations. 

The  facility  will  be  located  on  a 390  acre  site  at  the  west  side 
of  the  Naval  Ammunition  Depot,  Hawthorne,  Nevada,  Included  in  the 
facility  will  be  six  process  buildings,  a boiler  plant,  sewage  treat- 
ment plant,  water  treatment  plant,  administration  building,  off-loading 
dock,  service  magazines,  and  sufficient  roads,  railroads,  water  dis- 
tribution, electrical  distribution,  and  lightning  protection.  The 
six  process  buildings  include:  a preparation  building,  a mechanical 

removal  building,  a steamout/washout  building,  an  incinerator  prepa- 
ration building,  a decontamination  building,  and  a refining  building. 

The  administration  building  will  house  locker  facilities,  luncheon 
area,  offices,  and  a QA  laboratory.  The  boiler  plant  will  have  the 
capacity  to  supply  all  the  necessary  steam  for  heating  buildings  as 


410 


well  as  the  steam  required  for  the  various  processes.  Safety  to 
personnel  has  been  given  the  highest  consideration  in  all  the  facility 
design  criteria.  The  site  plan  for  the  building  locations  was  predi- 
cated on  providing  the  most  safety  to  operating  personnel.  All 
buildings  have  been  spaced  so  as  to  afford  ample  protection  from 
an  incident  in  any  other  building.  All  buildings  have  been  designed 
to  withstand  the  overpressurization  resulting  from  an  incident  at  any 
other  building,  in  accordance  with  the  latest  requirements  of  NAVFAC 
P-397.  Process  building  corridors  have  been  hardened  against  any 
overpressurizations  caused  by  explosions  in  cells  or  any  other  external 
incident.  Locations  of  buildings  have  been  established  which  will 
dictate  a flow  of  materials  left  to  right  or  most  sensitive  to  inert. 
This  provides  a consistency  of  established  hazardous  areas  which 
avoids  the  possibility  for  unseen  incidents.  Remote  operation  of 
processes  by  the  latest  in  equipment  designs  will  also  enhance  the 
safety  aspects.  Demil itiarization  processes  are  to  be  developed, 
pilot  run  tested,  and  safety  proved  before  being  acceptable  is  a 
process,  basically,  this  facility  has  been  designed  to  protect  the 
personnel  agam"t  all  possible  incidents,  not  just  on  a probability 
of  incidents;  the  probability  for  an  incident  was  considered  to  be 
100  percent. 

An  explanation  of  the  specific  functions  of  each  process  building 
with  the  safety  features  is  provided  for  the  following: 

Off-Loading  Dock  (see  Figure  8) 

Most  items  delivered  to  the  facility  by  rail  or  truck  will  be  off- 
loaded at  the  off-loading  dock.  No  processing  other  than  handling  will 


be  conducted.  The  items  will  be  transported  by  fork  lift  truck  from 
rails  or  trucks  to  the  electric  cart  system  (driverless  tractor)  for 
movement  to  other  buildings.  The  dock  will  accommodate  two  box  cars 
or  two  trucks  with  a total  explosive  limit  of  100,000  pounds.  A 
non-propagating  dividing  wall  will  separate  box  cars  or  trucks  with 
a limit  of  50,000  pounds  of  explosive  per  platform.  Quantity  distances 
will  be  based  on  a 50,000  pound  limit  due  to  the  non-propagating 
dividing  walls  between  the  two  platforms.  The  dock  will  be  con- 
structed of  an  earth  covered  steel  plated  arch.  Items  will  be  trans- 
ported around  the  earth  barricade  at  proper  distances  to  insure  non- 
propagation  between  the  electric  carts. 

Safety  features  of  the  off-loading  dock  include  the  following: 

a.  Change  from  T-barricade  type  to  an  earthen  covered  metal 
arch  which  provides  increased  protection  and  increased  flexibility  at 
a lov;er  cost. 

b.  Added  safer  truck  and  rail  unloading  and  simplified  driver 
less  tractor  on  movement. 

c.  Added  safer  and  less  costly  dunnage  removal  capability. 

P re par ition  Building  (see  Figure  9) 

Items  will  be  prepared  in  this  building  for  further  processing  in 
other  buildings  by  such  methods  as  remote  control  of  fixed  rrun*  dis- 
assembly, oefuzing,  smokeless  powder  separation,  removal  of  compcvit 
from  bombs,  mines,  and  depth  charges.  All  hazardous  operations  will  be 
performed  in  barricaded  cells  while  non-hazardous  operations  will  be 
performed  in  the  on-loading  and  off-loading  areas.  The  six  cells  are 
desiyned  to  contain  an  explosion  of  300  pounds  each.  Concurrent 
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non-hazardous  and  hazardous  operations  may  be  performed  with  a total 
building  limit  of  6,000  pounds.  The  off-loading,  on-loading,  control 
room,  equipment  room,  and  the  corridor  are  hardened  against  the  effects 
of  a 300  pound  explosion  in  any  one  of  the  six  cells  as  well  as  any 
other  process  building.  The  building  quantity  distance  limit  is  based 
on  6,000  pounds  of  explosive. 

Safety  features  of  the  Preparation  Building  include: 

a.  First  step  in  process  oriented  facility. 

b.  Remove  dunnage. 

c.  Reduce  hazard  level  (by  removing  initiators,  i,e.,  fuzes, 
boosters,  primers,  etc.). 

d.  Personnel  protection  from  any  other  building  incident 
as  well  as  from  incidents  within  cells  of  preparation  building. 

e.  Single  direction  flow-through. 

f.  Facility  distribution  and  central  control  point. 

g.  300  pound  net  explosive  cell  capacity. 

h.  Remote  operations  for  hazardous  processes. 

Smokeless  Powder  Accumulator  Buildinq  (see  Figure  10 


Smokeless  powder  is  collected  from  fixed  ammunition  and  cartridges 
located  in  the  Preparation  Building  and  conveyed  via  a pneumatic  and/or 
mechanical  (belt)  conveyor  to  the  smokeless  powder  accumulator.  The 
building  consists  of  two  accumulator  rooms,  two  pump  rooms,  and  a 
boxing  area.  Non-grar;ular  smokeless  powder  is  fed  to  the  accumulators 
via  the  pneumatic  lines  while  smokeless  powder  pellets  are  belt-fed 
to  the  boxing  area.  There  is  an  off-loading  dock  at  the  boxing  area 


which  is  protected  from  the  accumulator  room  with  fire  protection  type 
walls. 

Safety  benefits  that  are  provided  include: 

a.  Remote  process  capability  to  eliminate  capability  pro- 
blems. 

b.  Operating  as  well  as  off-loading  personnel  safety. 
Mechanical  Removal  Building  Complex  (see  Figure  11  and  12) 

The  Mechanical  Removal  Building  Complex  function  is  to  perform  such 
operations  as  contour  drilling,  core  drilling,  sawing,  and  punching  of 
high  explosive  loaded  items.  The  Mechanical  Removal  Building  Complex 
consists  of  a three  small  cell  section,  an  accumulator  section,  hardened 
control  room,  equipment  room,  and  a remote  large  cell  section.  The 
operating  rooms  or  cells  are  serviced  oy  a hardened  control  room  and 
equipment  room.  The  accumulator  area  consists  of  pump  rooms,  accumu- 
lator rooms,  and  a boxing  area.  High  explosives  removed  from  opera- 
tions in  the  cells  will  be  collected  in  the  accumulator  rooms.  A 
hardened  corridor  services  the  accumulator  and  three  small  cell  areas. 
Each  small  cell  is  designed  to  accommodate  300  pounds  of  high  explo- 
sives, while  each  of  the  three  large  cells  can  accommodate  3,000 
pounds  of  explosives.  Each  accumulator  and  boxing  area  is  designed 
to  withstand  a GOO  pound  explosion.  The  control  room,  equipment  room, 
and  corridor  are  hardened  to  protect  personnel  against  the  effects  of 
an  explosion  in  any  cell,  accumulator,  boxing  room,  or  any  other 
process  building. 

Safety  features  of  the  Mechanical  Removal  Building  Complex 
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include: 


a.  Personnel  protection  from  any  other  building  incident  as 
well  as  from  incidents  within  cells  of  Mechanical  Removal  Building 


Complex. 


b.  300  pounds  net  explosive  cell  capacity  plus  large  frag- 


ment high  velocity  capacity. 

c.  Remote  operation  for  hazardous  processes. 

Safety  features  of  the  large  cell  complex  are: 

a.  3,000  pounds  net  explos’»a  cell  capability  each. 


b.  Remote  operations  controlled  in  mechanical  removal 


building. 


Bulk  Incinerator  Buildinq  (see  Figure  13 


The  operations  in  this  building  will  prepare  bulk  energetic 
material  for  incineration  in  either  a liquid  or  bulk  incinerator.  Bulk 
solid  explosives  will  be  ground  into  a powder  and  then  mixed  with  water 
to  form  a slurry;  liquid  waste  will  be  diluted  into  solutions.  The 
slurries  and  solutions  will  be  remotely  delivered  to  their  appropriate 
inci  arator.  The  incinerator  facility  will  have  a capacity  to  incinerate 
1,000  pounds  per  hour  in  each  incinerator. 

Safety  features  for  the  Bulk  Incineration  Building  include: 

a.  Remote  operations  to  provide  personnel  safety;  operations 
controlled  and  monitored  by  central  control  room. 

Steamout/Washout  Buildinq  (see  Figure  14 


Operations  in  this  building  include  washout,  steamout,  dewatering, 
flaking,  and  boxing  of  explosives  from  projectiles,  mines,  bombs,  rocket 
motors,  ate.  The  building  consists  of  two  operating  Lays  separated  by 
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equipment  and  control  rooms.  The  entire  building  will  be  designed  to 
protect  personnel  from  an  incident  in  any  other  building.  The  building 
quantity  distance  is  based  on  18,000  pounds  of  explosive. 
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Special  features  of  the  Steamout/Washout  Building  include: 

a.  Personnel  safety  by  incorporating  over-pressure  designed 
structure  from  incident  in  any  other  building. 

b.  Two-bay  operation  capability  for  concurrent  non-compatiLle 
operations. 

Refining  Building  (see  * :-jure  15) 

Operations  in  this  building  include  processes  for  refining  of  bulk 
quantities  of  explosives  and  chemical  decontamination  of  munition  com- 
ponents. The  building  consists  of  one  large  work  bay  and  appropriate 
control  rooms  and  equipment  rooms  with  a rail  service  off-loading  dock. 
The  building  and  its  control  and  equipment  rooms  are  to  be  designed  to 
protect  personnel  from  the  effects  of  an  explosion  in  any  other  process 
building.  The  building  quantity  distance  is  based  on  50,000  pounds  of 
explosive. 

Safety  features  of  the  Refining  Building  include: 

a.  Personnel  protection  from  an  incident  in  any  other  process 

building. 

b.  Remote  operational  control  from  a control  room. 
Decontamination  Building  (see  Figure  16) 

The  Decontamination  Building  will  contain  decontamination  furnaces, 
small  items  popping  furnaces,  and  large  item  furnaces,  preparation  cells, 
equipment  rooms,  and  control  rooms.  Decontamination  furnaces  will  decon- 
taminate items  that  have  a small  amount  of  residual  explosives  left  in 
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them  which  can  be  exposed  to  a flame.  Typical  items  which  can  be 
decontaminated  in  this  manner  are  munitions  which  have  been  sawed  into 
and  the  explosive  has  been  washed  out,  items  which  have  a residual  of 
explosive  after  high  pressure  washout,  and  various  items  which  are  sub- 
pected  of  having  explosive  contaminates.  The  popping  furnaces  will 
accommodate  small  explosive  items  causing  them  to  detonate  in  the 
furnace.  Scrap  and  decontaminated  items  will  be  outloaded  from  the 
building  as  saleable  salvage  material.  The  building  consists  of  eight 
ceils  and  adjacent  furnace  pads,  a distribution  area,  and  an  outloading 
area.  Each  cell  is  designed  to  contain  an  explosion  of  50  pounds  of 
explosive. 

Special  features  of  the  Decontamination  Building  are: 

a.  Remote  operations. 

b.  Single  direction  flow-through. 

c.  Hardened  structure  to  protect  personnel  from  incident  in 
any  other  building  and  from  incident  or  furnace  pad  or  preparation  cell 
of  decontamination  building. 

Initial  locations  of  ready  service  magazines  were  made  adjacent 
to  their  particular  process  building;  but,  to  enhance  safety  and 
reduce  total  project  costs,  these  magazines  were  placed  in  two  groupings 
(see  Figure  17). 
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THE  QUANTIFICATION  OF  EXPLOSIVE  ORDNANCE  SAFETY 

Sidney  B.  Andrews,  Jr. 

Naval  Weapons  Laboratory 
Dahlgren,  VA 

I.  INTRCDQCTION 

One  mission  of  the  Weapon  Safety  Division  of  the  Naval  Weapons  Lab- 
oratory, at  Dahlgren,  Va.  is  to  quantify  explosive  safety  of  Naval  ordnance 
systems.  Tto  quantify  safety,  the  science  of  statistics  is  combined  with 
explosive  system  safety  engineering  (explosive  safety) . Tliis  paper  dis- 
cusses the  need  for  doing  this,  and  our  approach  in  accomplishing  thu 
mission. 

Inductive  inferences  are  frequently  made  in  explosive  safety.  An  in- 
ductive inference  is  one  made  by  reasoning  from  the  particular  to  the 
general.  Examples  of  this  type  of  inference  made  in  explosive  safety 
include:  the  suspension  of  a lot  of  ammunition  > because  a few  rounds  in 

the  lot  have  prematured;  another  is  the  prohibiting  of  the  use  of  torpex 
because  it  has  produced  some  safety  problems  in  the  past;  and  still  another 
is  the  insistanoe  that  a fuze  contain  no  stored  mechanical  energy  because 
acme  vround  springs  have  been  known  to  release  their  energy  inadvertently, 
thus  detonating  a warhead.  In  each  of  these  cases,  reasoning  goes  from 
the  particular  to  the  general,  for  example:  Some  rounds  prematured,  so 

the  entire  lot  is  considered  unsafe;  problems  occurred  at  same  times  with 
the  use  of  torpex,  90  it  is  assumed  that  it  is  unsafe  for  future  use;  and 
since  stored  mechanical  energy  has  laeen  released  in  seme  instances,  it  is 
assumed  unsafe  for  future  designs.  System  Safety  engineering  abounds  with 
many  more  examples  of  such  inductive  inferences;  in  fact,  nest  inferences 
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made  are  inductive. 


However,  in  making  an  Lrluctive  inference  concerning  a course  of 
action  there  are  two  opportunities  for  making  uecision  errors.  In  deciding 
upon  a course  of  action  tliere  are  risk  and  rewcir  3 associated  with  the 
decision.  In  the  torpex  problem,  for  example,  the  risk  associated  with 
using  torpex  is  that  its  high  degree  of  sensitivity  may  present  severe 
safety  problems.  The  reward  for  using  it  is  high  reliability  and  lethality. 
In  using  torpex,  the  opportunity  for  the  error  .in  deciding  that  the  risk  is 
far  greater  than  the  reward  is  present.  Concersely,  in  not  using  torpex 
the  opportunity  for  making  a decision  error  exists  in  that  a small  amount 
of  risk  may  have  been  eliminated  at  the  expense  of  a large  reward.  These 
possible  decision  errors  associated  with  inductive  inferences  are  the  result 
of  the  subjective  way  they  are  made,  and  the  lack  of  a quantified  assessment 
of  both  risk,  and  reward. 

Inductive  inferences  *riade  by  engineers  with  different  backgrounds 
and  training.  But,  as  sincere  and  diligent  as  they  may  be,  engineers 
cannot  totally  eliminate  the  subjectivity  of  inductive  inferences.  To 
minimize  the  dangers  of  inductive  inferences,  they  must  be  quantified. 
Specifically,  the  uncertainty  of  inductive  inferences  must  be  evaluated. 
Because  statistics  is  the  science  that  does  this,  it  is  combined  with 
system  safety  engineering  in  quantifying  the  safety  of  explosive  ordnance. 
VJhere  it  is  not  possible  to  totally  quantify  explosive  safety,  and  judge- 
ments must  be  made  without  the  benefit  of  numbers,  it  is  necessary  to  have 
definitions,  guidelines,  formal  rules,  etc.,  so  that  two  people  making  a 
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decision  independently  will  arrive  at  substantially  the  same  results. 
Quant' 'ication  of  safety  involves  four  project  areas: 

(1)  Maintenance  of  data  banks  needed  to  support  quantification 
efforts.  The  two  primary  data  banks  used  in  direct  support 

of  quantification  are  the  Accident/Inc  ident  Databank,  aeronymed 
AID  and  the  ordnance  monthly  expenditure  data  bank. 

(2)  Conducting  trend  analysis  of  Naval  accidents  and  incidents 

• using  existing  methods  and  developing  new  statistical  metlods 
where  existing  ones  do  not  suffice. 

(3)  Developing  models  to  predict  accident  rates. 

(4)  Developing  a safety  index  system,  that  will  provide  program 
managers,  weapon  designers  and  safety  engineers  with  a 
methodology  to  answer  these  three  questions: 

(a)  Dow  safe  will  a weapon  be  in  fleet  use? 

(b)  I low  safe  should  it  be? 

(c)  Where  will  a redesign  or  change  in  procedures  of  use, 
storage,  transportation,  maintenance,  etc.  produce  the 
largest  cost-effective  increase-  in  safety. 

The  safety  index  system  is  the  ultimate  tool  in  safety  analysis . 

A schematic  plan  showing  the  relationship  between  each  of  these 
project  areas  has  been  developed  and  is  being  followed  to  quantify  safety. 
This  plan  is  designed  to  accomplish  the  ultimate,  a safety  index  system. 
This  plan  is  also,  designed,  so  that  while  it  is  being  implemented. 


immediate  and  useful  tools  will  result.  Therefore,  the  milestones  con- 
tained in  this  plan  are  not  only  inputs  to  the  next  stop  in  developing 
the  safety  index  systen, but  are  also  useful  products  in  themselves.  The 
schematic  plan  is  so  large  that  it  had  to  be  sectioned  into  six  parts, 
figures  1 through  6. 

II.  EXPLANATION  OF  EXPLOSIVE  QUANTIF ICATIHN  FIAN 

Eliptical  figures  in  this  schematic  diagram  (Fig  1 through  6)  contain 
descriptions  of  milestones.  Rectangular  figures  contain  descriptions  of 
tasks  that  must  be  performed  to  achieve  the  milestones.  The  first  pro- 
ject area  in  quantification  is  the  maintenance  of  data  hanks.  As  previous- 
ly mentioned  two  data  banks  are  the  foundation  of  the  quantification  of 
safety.  The  first  is  the  explosive  ordnance  Aocident/Incident  Databank, 
acronymod  AID.  When  an  explosive  accident  occurs  in  the  fleet  or  at  a 
Shore  establishment,  it  is  reported  in  accordance  with  one  of  three  Naval 
instructions.  Those  instructions  are  MVG8DINST  8025. 1A,  0PNAVTN3P  4790.2A 
and  ICO  8025.1  (MCTAL) . When  an  accident  report  is  received  by  the  Safety 
Technology  Branch  it  is  entered  in  AID.  AID  is  a keyword  data  bank. 

Vben  an  accident  report  is  received,  key  words  are  selected  that  character- 
ize the  accident.  These  key  words  are  entered  in  the  data  bank  as  des- 
criptors. 

It»r  exanple,  if  a Sidewinder  was  inadvertently  released  from  an  F-4 
aircraft  during  arrested  landing  on  a carrier,  some  of  the  key  words 


selected  would  be:  Sid  winder,  F-A,  arrested  landing,  and  CVA.  Searches 

are  made  on  key  vords . Fntry  of  Fidewinder  in  the  sear  cl:  progran  would 
provide  a printout  with  a description  of  the  above  accident  plus  all  other 
accidents  where  Sidewinder  liad  been  entered  as  a descriptor.  Fntry  of 
"Sidewinder"  and  "inadvertent  release"  would  lisi.it  the  printout  to  those 
accidents  where  "Sidewinder"  and  "inadvertent  release"  had  been  entered 
as  descriptors . 

In  1963  efforts  were  completed  to  develop  AID  (Block  1,  Fig.  1) . The 
result  is  shewn  in  block  2,  Fig.  1,  labeled  AID.  This  key-word  data  bank 
was  primarily  designed  to  be  used  as  a storage  program  and  not  as  a 
statistical  data  base.  It  has  served  quite  well  in  the  manner  for  which 
it  was  designed  by  providing  explosive  ordnance  designers,  program  man- 
agers and  safety  engineers  with  printouts  shewing  what  has  hapjoenid  to 
ordnance  in  the  past.  However,  now  tliat  it  is  to  he  used  as  a statistical 
data  base,  certain  changes  must  be  made.  The  efforts  needed  to  make  these 
changes  in  AID  are  described  in  blocks  (3)  (4)  and  (5),  Fig.  1. 

The  instructions  requiring  the  reporting  of  accidents  presently  do 
not  request  enough  data  for  meaningful  and  detailed  statistical  analysis 
of  accidents.  For  example,  these  instructions  do  not  request  data  re- 
latirq  to  the  amount  of  training,  experience,  years  of  service,  etc.  of 
people  involved  in  accidents  vrtien  they  are  caused  by  personnel.  To  obtain 
data  for  more  moaningful  statistical  analysis,  it  is  necessary  that  the 
reporting  instructions  be  rewritten  to  require  additional  data  elements, 
block  (3),  Fig.  1.  These  data  elements  are  principally  related  to 
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Personnel;  for  example:  more  positive  identification  of  hardware, 
hardware  opponents,  ancillary  equipment  and  aranunition  lots;  and  past 
history  of  the  ordnance  involved, 

V*iea  ^ session  of  these  additional  data  elects  are  made  man- 
datory by  the  porting  instructions,  it  will  be  necessary  to  enter  the 
addition-mi  data  received  in  -AID.  This  is  shown  in  block  4,  Fig  1.  Be- 
cause of  the  voy  aid  works,  no  programatic  changes  are  necessary.  To 
incorporate  this  additional  data  it  is  necessary  only  to  decide  the  for- 
mat of  the  new  key  words  associated  with  the  new  data.  Fbr  example,  when 
the  number  of  captive  flights  is  routinely  provided  for  missile  accidents 
tlie  my  that  the  key  word  descriptor  (associated  with  this  datun)  is  to 
be  entered,  must  be  decided,  in  other  words,  (i.e.,  "NO  OF  camVE 
PLIGHTS  - NUMBER"  or  "CAPT  FLIS  - NUMBER",  etc.)  . 

Another  task  that  needs  to  be  done  is  to  restrrcture  AID  (block  5, 

Pig  1).  Restructuring  does  not  mean  the  tearing  down  and  rebuilding  of 
the  existing  data  bank,  it  means  making  changes  in  the  format  of  seme 
descriptors,  and  formalizing  rule  :or  the  more  important  existing  de- 
scriptors. For  example,  one  job  in  restructuring  AID  is  to  formalize 
ttia  rules  of  entering  descriptors  so  that  precise  counts  can  be  made. 

The  result  of  the  tasks  described  by  blocks  (3),  (4)  and  (5)  is  block 
(6;  labeled  "improved  AID",  all  in  Fig.  1. 

The  use  of  AID  as  a storage  program  to  provide  printouts  of  accidents 
will  continue.  However  the  capability  to  use  it  as  a statistical  data 


base  has  to  be  added.  Hie  way  that  AID  is  used  to  furnish  this  capability 
is  to  provide  counts  of  the  number  of  accidents  of  the  particular  type 
under  study.  The  number  of  accidents  involving  a particular  weapon  is 
not  a good  measure  of  its  safevy  history  because  it  does  not  consider  the 
number  of  weapons  in  use.  For  example,  if  weapon  "A"  has  been  involved 
in  5 accidents  and  weapon  "R"  has  been  involved  in  20  accidents  in  a year# 
it  is  not  fair  to  say  that  weapon  "B"  is  4 times  more  dargerous  than  weapon 
"A"  because  there  may  have  been  a greater  number  of  veapon  "B"  used  than 
weapon  "A"  during  the  same  period  of  time.  A better  measure  of  the  safety 
histories  of  the  two  weapons  is  their  accident  rates.  Accident  rates 
are  found  by  dividing  the  number  of  accidents  by  the  number  of  weapons 
used.  Therefore,  if  1000  weapon  "A's"  and  100,000  weapon  "B's"  were 
used  the  accident  rate  for  weapon  "A"  would  be  5 dividod  by  1000  or 

_ 3 

5.00  x 10  ; whil"  the  accident  rate  for  wcaion  "B"  would  be  2.00  x 

10"  . On  the  basis  of  accident  rates,  weapon  system  "A"  is  5.00  x 

_ 3 _** 

10  divided  by  2.00  x 10  or  25  times  more  dangerous  than  weapon  system. 
"B". 

Since  an  accident  rate  is  the  best  measure  of  a weapon  system's 
safety  record,  to  quantify  safety  it  is  necessary  to  have  a capability 
to  calculate  them.  To  calculate  accident  rates,  it  is  necessary  to  have 
a data  bank  of  ordnance  experriitures.  Hstablishment  of  this  expenditure 
rate  data  bank  is  shown  in  block  7,  Fig  1.  This  data  bank  has  been  es- 
tablished in  close  cooperation  with  the  Navy  Ships  Parts  Control  Center 
(SPOC) , Mechanicsburg,  Pennsylvania.  The  first  milestone  in  establishing 


441 


this  data  bank  was  to  place  in  it  data  as  far  back  as  Aug  1973  (Block  8) , 
Fig  1.  Wow  that  this  data  bank  is  established,  and  being  maintained 
current  on  a monthly  basis,  the  next  effort  (shown  in  block  9,  Fig  1}  was 
to  back-enter  expenditure  data  to  July  1972  and  this  was  done.  The  ord- 
nance expenditure  rate  data  bank  is  shewn  in  block  10,  Fig  1. 

The  key  to  accessing  the  expenditure  rate  data  bank  is  the  Depart- 
ment of  Defense  Identification  Code  (DODIC) . This  oode  is  an  alpha -numeric 
sequence  which  identifies  ordnance  items  that  are  functionally  inter- 
changeable  though  they  may  have  different  Federal  Stock  Numbers.  For 
example,  two  5 inch  54  caliber  projectiles  whose  DODIC' s axe  both  D 330 
have  different  federal  stock  numbers.  The  common  DGDIC  indicates  that 
they  are  functionally  interchangeable  and  this  can  be  verified  by  the 
Navy's  official  noun  nomenclature.  Their  federal  stock  numbers  differ 
because  one  projectile  is  loaded  with  oemp  A-3  while  the  other  has  ex- 
plosive D.  Each  month,  SPCC,  Mechanicsburg,  provides  NWL  with  a tape 
of  the  monthly  ordnance  world  wide  expenditures  for  the  previous  month. 
These  tapes  are  extracts  of  the  world  wide  ammunition  asset  summary  reports 
tliat  SPCC  publishes.  They  contain  the  monthly  and  cumulative  fiscal  year 
that  number  of  ordnance  items  expended  during  training,  oembat,  and 
otter  operations  for  each  item  which  is  assigned  a DODIC. 

A sample  output  with  fictitious  data  is  seen  in  figure  7.  The  first 
column  Is  the  DGDIC;  the  second  column  is  the  year  and  month  of  the  ex- 
penditures (7307  meaning  July  1973) ; the  third  column  lists  an  alpha- 
numeric code  that  designates  the  cognizant  manager;  the  fourth;  fifth. 


and  sixth  column  provide  the  total  number  expended  during  the  month  in 
oorrhat,  training,  and  other  operations,  respectively.  The  seventh 
column  gives  the  total  number  expended  during  the  month.  T!ie  eighth, 
ninth,  and  tenth  columns  give  the  fiscal  year  cumulative  expenditures 
for  combat,  training,  and  other  operations;  and  the  last  column  gives  the 
cumulative  total  fiscal  year  expenditures  in  all  operations.  Each  of 
these  e 4 tries  can  be  manipulated,  printed  out,  displayed  by  histograms, 
and  used  as  input  to  other  programs. 

Nov/  for  a discussion  of  the  second  project  area  - the  conducting  of 
trend  analysis.  As  previously  mentioned,  the  expenditure  rate  data,  bank 
is  used  to  calculate  accident  rates.  It  provides  the  denominator,  and 
AID  provides  the  numerator.  Vfe  call  the  calculation  of  accident  rates, 
shown  in  block  11,  Fig  1 or  Fig  2,  Trend  Analysis-Branch  II.  Treiri 
Analysis-Branch  I will  be  discussed  later.  Trend  Analysis-Branch  II  is 
a computer  program  that  uses  inputs  from  AID  and  the  expenditure  rate 
data  bank  to  calculate  accident  rates  for  any  type  of  event  associated 
with  any  type  of  ordnance  to  which  is  assigned  a DODIC.  To  use  this 
program,  the  PQDIC  of  the  ordnance  item  and  the  key  word  describing  the 
event  are  entered  in  the  program.  Tlie  acmputer  searches  AID  and  counts 
1/y  the  month,  the  number  of  times  that  the  DCDIC  and  event  have  been 
entered  as  descriptors.  These  numbers  are  retained  in  memory.  The  pro- 
gram then  branches  to  the  expenditure  rate  data  bank  and  records  by  the 
month  the  number  of  each  item  having  the  entered  DODIC.  The  number  of 
accidents  for  each  month  is  divided  by  the  number  of  items  expended . The 


results  are  displayed  by  iiistograns  or  grapiis  generated  by  the  computer. 
Figure  8 shows  sarples  of  accident  rates  of  the  D324,  5 Inch  54  Caliber 
Propelling  Charge  for  all  types  of  accidents. 

block  12,  Fig  2 shows  that  accident  rates  (calculated  for  a specific 
item  of  hardware  and  a specific  event)  are  the  milestones  of  Trend 
Analysis-Branch  II.  In  trend  analysis  we  are  looking  for  trends  and 
patterns  in  Naval  ordnance  accidents.  Che  of  the  areas  to  search  is  in 
accident  rates.  In  Trend  Analysis-Branch  II,  trends  in  accident  rates 
over  the  weeks,  months,  seasons,  and  years  are  sought  to  learn  how  ac- 
cident rates  vary  with  changing  environmental  and  operation  influences. 

Hiese  accident  rates  provide  estimates  of  probabilities  of  accidents 
occurring  in  the  future  to  a specific  type  of  system.  Because  there  is 
a great  deed  of  interest  in  such  probabilities  we  plan  to  publish  them 
iii  die  future  (Block  13,  Fig.  2) . Periodic  publishing  is  planned  for  ord- 
nance items  of  most  interest;  and  upon  request,  for  other  items. 

In  Trend  Analysis-Branch  I (shown  in  block  14,  Fig  2)  we  are  still 
looking  for  trends  and  patterns-  in  Naval  Ordnance  mishaps.  But  here  we 
are  concerned  with  more  than  the  trends  of  accident  rates  over  a time 
period.  In  Trend  Analysis-Branch  I we  are  asking  such  questions  as: 

Is  there  a typical  profile  of  the  sailor  who  is  most  likely  to  be  involved 
in  an  ordnance  accident?  Are  personnel  of  one  age  group  more  likely  to 
have  an  accident  than  those  in  another  age  group?;  Are  career  sailors 
lvjss  likely  to  have  an  accident  than  non-career  sailors?;  Are  seme  com- 
binations of  explosive  components  more  likely  to  be  involved  in  accidents 
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tiian  other  carfoinations? ; and  so  forth.  In  Trend  Analysis-Branch  I we 
are  looking  for  the  subtleties  of  accident  causation.  Tlie  results  of 
Trend  Anal ysis-Hranch  I are  shorn  in  block  15,  Fig  2 . These  results 
are  useful  products  (in  themselves)  because  they  provide  quantitative 
assessment  of  the  causes  of  accidents  and  insight  into  where  to  place 
the  most  safety  effort. 

In  addition  to  the  results  of  Trend  Analysis-Branch  I being  useful 
products  in  themselves,  they  are  input  to  the  next  step  in  the  quantifi- 
cation of  safety.  This  step  is  Accident  Rate  Prediction  (block  18,  Fig  2) 
the  third  project  area  previously  mentioned  in  the  quantification  of 
safety.  There  are  three  other  inputs  to  Accident  Rate  Prediction  - the 
logistic  history  features,  (block  16,  Fig  2),  safety  features,  (block  17, 
Fig  2) , and  past  accident  rates  of  the  ordnance  items  for  which  future 
preditions  of  accident  rates  are  desired.  The  outputs  are  models  used 
to  pnxlict  the  rates  of  various  types  of  accidents  associated  with  a 
particular  type  of  ordnance  item,  (block  19,  Fig  2). 

Accident  Rate  Prediction  is  the  key  to  quantifying  explosive  safety. 
Statistical  analysis  is  used  to  uncover  the  relationships  between  the 
inputs  in  blocks  15,  16,  and  .17,  Fig  2 ar^  accident  rates.  Once  tire 
models  for  relating  the  various  typer  of  accidents  have  been  established, 
these  models  can  be  combined  to  develop  a composite  model  to  predict 
accident  rates  for  an  ordnance  item  under  development.  This  is  done 
by  first  specifying  the  new  hardware  configuration  and  properly  defining 
the  components  the  hardware  under  development.  Accident  rate  pre- 
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diction  models  for  existing  components  and  configurations  similar  to 
the  components  and  configurations  of  the  ordnance  items  under  evaluation 
can  then  he  selected.  These  models  are  combined  to  produce  the  composite 
model  for  the  new  ordnance  item.  However,  before  combining  models  it 
may  he  necessary  to  modify  some  of  them  so  that  they  more  nearly  conform 
to  the  hardware  configuration  for  which  they  are  predicting  accident 
rates. 

There  is  ample  analytical  evidence  to  justify  the  assumption  that 
the  frequency  of  accidents  can  be  described  by  a Poisson  process  with  a 
non-stable  parameter  X.  Of  course  the  accident  data  rrust  be  normalized 
by  the  expenditure  data.  The  model  proposed  for  X for  any  specific  type 
of  accident  associated  with  a specific  item  of  hardware  is: 

X — ax  + a2  + a$  + ...  a^  (1) 

where  the  a's  are  the  k inputs  (blocks  15,  16,  and  17,  Fig  2)  needed 
to  account  for  the  variability  in  accident  rates. 

Models  to  predict  accident  rates  are  useful  to  program  managers,  and 
safety  engineers  because  they  provide  a basis  for  decisions,  the  manage- 
ment of  funds  allocated  for  safety  programs,  and  the  management  of  safety 
efforts.  Models  to  predict  accident  rates  are  useful  to  designers  because 
they  can  provide  insight  into  the  type  of  hazards  that  must  be  countered. 
Models  to  predict  accident  rates  are  useful  to  us  because  they  lead  to 
the  final  step  in  quantifying  explosive  safety. 

Up  to  row,  only  the  probability  of  the  occurrence  of  an  accident 
has  been  considered.  The  results  of  an  accident,  given  that  one  has 
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occurred,  have  not  been  considered , Vhen  an  explosive  mishap  occurs, 
many  different  types  of  resources  can  be  lost.  Chief  among  those  are 
capability,  lives,  and  dollars.  These  resources  will  be  called  "The 
Most  Important  Resources  (MIR) Recall  that  the  Safety  Index  System  is 
to  be  designed  to  answer  three  questions.  The  first  question  is  "Jfow 
Safe  is  the  Weapon  System?".  The  answer  to  this  question  is  a numerical 
safety  assessment . It  is  reasonable  to  define  nunerical  safety  in  terms 
of  predicted  loss  of  the  ME!  due  to  accidents.  The  numerical  safety 
assessment  of  a weapon  system  is  therefore  defined  bo  be  the  expected 
losses  of  the  MIR  from  accidents  experienced  by  the  system  during  its 
logistic  cycle  for  "T"  yours.  1 formally , the  value  of  "T"  will  range 
from  3 to  5 years. 

To  calculate  the  numerical  safety  assessment  of  a weapon  system, 
it  is  necessary  to  estimate  the  expected  dollar  loss,  life  loss,  and  cap- 
ability  loss  per  accident.  This  is  shewn  in  Mocks  20-22,  Fig  3 , however, 
before  capability  loss  per  accident  can  be  estimated,  it  is  necessary  to 
determine  the  best  way  to  measure  capability,  (block  23) . All  of  these 
inputs,  the  models  to  predict  accident  rates,  and  estimated  expenditure 
rates  (block  24,  Fig  3)  enter  into  Mock  25,  Fig.  4)  labeled  "the  cal- 
culation of  the  predicted  safety  level"  (or  numerical  assessment)  of  the 
weapon  system  under  evaluation.  Flocks  26,  27,  and  28  shew  respectively 
the  expected  losses  of  capability,  lives,  and  dollars. 

To  clarify  these  ideas,  let  us  consider  the  case  of  dollar  loss.  For 


a specific  type  of  accident  the  following  symbols  are  defined  as: 

T = The  tine  period  for  which  the  loss  in  dollars  is 
to  be  calculated. 

R = Hie  average  accident  rate  for  a specific  type  of 
accident  for  year  "r"  measured  in  accidents  per 
weapon-year . 

T-7 

r = The  number  of  weapon-years  for  year  t 

D = He  average  cost  per  accident  for  year  t 

Et  (D)  = Hie  average  number  of  dollars  lost  due  bo  accidents 
for  the  next  T years. 

T 

et(d)  * i Rtntdt 

t = 1 (2) 

The  product  R^.I^  ^ nuIt1^er  Gf  accidents  for  the  year  "t".  He 
number  of  dollars  lost  for  the  year  "t"  is  the  average  amount  lost  per 
accident,  times  the  average  number  of  accidents  for  the  year  "t"  . Tlie 
summation  sign  indicates  that  the  number  of  dollars  lost  each  year  is 
sunmod  over  the  "T"  year  time  period.  He  result  is  Rp(D),  the  average 
number  of  dollars  lost  during  that  time  period  for  the  particular  type 
of  accident  for  which  R is  the  average  accident  rate.  To  find  the  total 
expected  loss  of  dollars  over  the  T years,  it  is  necessary  to  calculate 
the  expected  loss  of  dollars  for  each  type  of  accident  that  the  system 
can  experience  and.  calculate  the  sum  of  the  expected  dollar  losses. 

His  is  what  is  meant  by  the  expected  loss  in  dollars  (block  28 , Fig  4 ) . 
He  other  two  numbers  in  the  safety  assessment  have  analogous  formulas 
and  meanings.  The  expected  losses  of  lives,  dollars,  and  capability  are 
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the  risks  associated  with  the  adontion  of  the  weapon  system  for  fleet  | 

i 

use.  j 

The  second  question  that  the  safety  index  systen  is  to  answer  is  .! 

"How  Safe  should  the  Weapon  systen  he?".  The  ansv.«er  to  this  question 
is  the  pass/fail  criteria  shewn  in  blocks  34,  35,  and  36,  Fig  5.  The 
pass/fail  criteria  are  the  capability,  life,  and  dollar  losses  that  the 
Navy  can  tolerate.  Before  the  pass/fail  criteria  can  be  calculated 
(block  33,  Fig  5),  it  is  necessary  to  determine  the  "fl"  factors  influ- 
encing the  pass/fail  criteria  in  block  33,  Fig  5.  Because  the  type  of 
systen,  its  capability,  reliability,  maintainability,  mission,  intended 
use,  and  other  factors  determine  the  amount  of  each  resource  that  tan  be 
lost,  the  pass/fail  criteria  are  dependent  on  these  variables.  Conse- 
quently, if  there  are  "M"'  variables  influencing  the  pass/fail  criteria, 
each  set  of  M variables  in  a M-way  classification  table  would  give  the 
corresponding  criteria.  The  expected  loss  of  each  MIF  is  compared  to  each 
pass/fail  criterion.  If  any  of  the  expected  losses  exceed  the  corresponding 
pass/fail  criterion,  the  explosive  system  fails  (in  other  words  Navy  use 
of  that  weapon  system  would  produce  more  losses  of  the  resource  than  the 
Navy  can  tolerate) . The  third  question  that  the  Safety  Index  System  was 
designed  to  answer  is  '"Where  can  a redesign  or  procedural  change  produce 
the  biggest  pay  off  in  safety?"’.  The  answer  is  the  three  sets  of  ranking 
factors  shown  in  blocks  29,  30,  and  31,  Fig.  5.  Each  input  necessary  for 
calculating  the  expected  loss  of  the  MIR  is  responsible  for  a portion 
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of  these  losses.  These  ranking  factors  are  those  percentages  of  the 
expected  losses  for  which  each  input  into  the  expected  loss  model  is 
responsible.  If  an  expected  loss  exceeds  the  pass/fail  criterion,  the 
corresponding  ranking  factors  would  be  examined  to  determine  if  a change 
in  design,  or  its  intended  logistic  cycle  would  produce  expected  losses 
lower  than  the  pass/fail  criteria.  Using  the  information  contained  in 
the  ranking  factors  and  the  cost  associated  with  design  and  procedural 
changes,  it  is  then  possible  to  make  changes  that  are  the  most  cost-effec- 
tive, subject  to  the  constraint  that  the  expected  losses  that  caused  re- 
jection be  reduced  below  the  corresponding  pass/fail  criteria. 

The  last  two  blocks  in  Fig  6 show  tliat  once  the  parameters  associated 
with  the  models  for  predicting  expected  losses  of  the  MIR  have  been  worked 
out  for  one  class  of  weapon  system,  they  will  be  worked  out  for  the 
remaining  classes. 

Quantification  of  safety  is  a must  if  the  subjectivity  of  System 
Safety  Engineering  is  bo  be  minimized.  In  this  paper,  HWL's  plan  for 
the  quantification  of  safety  has  been  explained.  This  plan  sIkws  the 
relationship  of  the  four  project  areas  in  the  quantification  of  safety- 
maintenance  of  data  banks,  trend  analysis,  accident  rate  prediction,  and 
the  safety  index  system.  This  plan  contains  milestones  which  are  useful 
products  in  themselves  and  axe  stepping  stones  to  the  next  task  in  quan- 
tifying safety. 
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I.  INTRODUCTION 

Modem  information  systems  using  the  digital  computer  have  caused 
a revolution  in  information  technology.  These  computer  based  informa- 
tion systems  are  used  to  store,  analyze,  retrieve  and  display  all  types 
of  data. 

Since  our  seminar  is,  principally  concerned  with  explosives  safety 
in  this  paper  I will  discuss  and  describe  the  Naval  Weapon's  Laboratories 
information  systems  that  are  specifically  de»  gned  to  support  our  explo- 
sives safety  programs. 

II.  703IDENIVINCIDENT  DAT?  (AID) 

The  explosives  Accident-Incident  Data  Bank  (AID)  was  established 
in  1963.  It  has  the  capability  to  store  and  retrieve  mishap  reports 
involving  explosives  and  explosives  ordnance  (including  systems  and 
components).  Since  its  inception  over  six-thousand  (6,000)  reports 
have  been  processed  and  stored  in  the  system. 

The  requirements  for  reporting  explosive  mishaps  including  the 
report  format  are  covered  by  these  instructions: 

* NAVORDINST  8025. 1A 

* OPNAVINST  4790.2 

* TBCHINST  8010-15/IB 

The  majority  of  the  mishaps  are  reported  under  8025. 1A  and  4790.2 
A few  reports  are  submitted  under  transportation  accident  reporting 
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require nents.  The  basic  data  elements  for  the  report  are  as  follows: 

* item  nomenclature,  FSN,  stock  nuiber,  DCDIC/NALC 

* item  lot  or  serial  number 

* mishap  narrative 

* military  and  civilian  casual i ties  (dead  & injured) 

* damage  (major,  minor  and  dollar  estimate) 

1 number  of  items  involved  in  mishap 

* explosives  weight 

* number  of  items  remaining  from  lot  involved 

* unusual  climatic  or  electromagnetic  eirvirortrient 

* Garment 

* investigation 

Upon  entry  into  AID  each  report  is  associated  with  a set  of  Uniterm 
ol  key  work  descriptors.  These  descriptors  are  selected  on  the  basis  of 
information  contained  in  the  report  and  are  used  by  the  search  computer 
programs  to  identify  information  desired  far  retrieval.  The  search  pro- 
grams may  use  the  descriptors  singly  or  in  series.  For  example  the  de- 
scriptor string  5 INCH  38  CALIBER,  DETONATION,  MAGAZINE,  ASHORE  would 
result  in  the  printout  or  display  of  all  reports  of  5/38  caliber  gun 
ammunition  detonations  in  magazine  ashore. 

Output  or  user  reports  may  be  obtained  in  the  following  form: 

* print-outs 

* A/1  Briefs  (short  reports) 

* histograms 
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* event  probability  estimates 

For  users  interested  in  the  details  of  a particular  mishap  or  a 
group  of  mishaps  the  print-out  best  meets  his  needs. 

The  accident  brief  report  is  designed  to  give  users  a quick  reference 
to  reports  that  are  in  the  file.  The  accident  brief  is  structured  so 
the  cartpuber  can  sort  and  display  them  by  weapon  system.  Because  of 
this  all  AIM-9,  CAD,  Bomb  etc.  reports  are  grouped  together  in  the  listing. 
In  sane  cases  the  short  description  nay  meet  the  users  information  needs. 

If  it  does  not  he  can  select  the  reports  for  v/hich  he  wants  more  infor- 
mation he  can  obtain  it  by  submitting  the  date  number  to  NHL. 

The  histogram  on  the  other  hand  provides  a graphical  presentation 
of  the  data  for  those  whose  needs  are  statistical  in  nature. 

The  event  probability  report  is  a new  product  and  is  still  under 
developnent.  Because  of  it  NWL  is  re-studying  each  of  the  AID  mishap 
reports  to  insure  the  completeness  of  its  descriptors  suite.  The 
statistical  nature  of  the  report  ' mands  an  accurate  oount  of  the  events 
and  the  conditions  under  which  it  occurred. 

The  probability  report  consists  of  two  parts.  Part  one  is  a plot 
of  the  event  frequencies  vs.  a time  base  line  incremented  in  months. 

Part  two  is  a fit  of  this  data  to  a Poisson  distribution  model.  The 
model  provides  calculated  event  probabilities  and  a comparison  of  the 
observed  to  the  predicted  frequencies.  The  chi-square  statistical  test 
is  used  to  measure  the  goodness  of  fit  between  the  observed  and  predicted 
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frequencies  provided  by  the  model. 

ACCIDENT/INS  3DEOT  DATA' PLOT 

********************************************************************** 

EXPLOSIVE  SYSTEM-ALL  NAVY  AID  MARINE 

EVENT-FATAL  ACCIDENT 

LOCATION-ALL 


DATA  BASE  YEARS-1964/1973 


PART  1 


ACCIDENrANCIDENT  PROBABILITIES 

**********************************************************U* .-?AAp,  ****** 

EXPUDS  IVE  SYSTEM-ALL  NAVY  AND  MARINE 
EVENT  (X)  - FATAL  ACCIDENT 
EVENT  LOCATION  - ALL 


P(X)  = PROBABILITY  OF  0,  1,  2, 
IN  A 1 MONTH  TIME  INTERVAL 

3,  ECT.  EVENT 

EVENT  (X) 

P(X) 

EXPECTED 

FREQ 

OBSEI 

FREQ 

0 

.468 

56.21 

62. 

1 

.355 

42.63 

38. 

2 

.135 

16.16 

11. 

3 

.034 

4.09 

6. 

4 

.006 

.77 

2. 

5 

.001 

.12 

1. 

6 

.000 

.01 

0. 

7 

.000 

.00 

0. 

an  SQUARE (NDN-POQLED)  =3.05 

THE  CHI-SQUARE  VALUE  IS  NOT  SIGNIFICANT 
AT  THE  .10  LEVEL  OF  SIGNIFICANCE. 
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III.  JCAP  AXIDENT- INCIDENT  DATA 


JCAP  is  an  acronym  for  the  "Joint  Panel  for  the  Development  of  a 
Coordinated  Management.  System  for  the  DoD  Aimunition  Production  Base". 

JCAP  is  a large  tri-service  effort  and  I am  sure  that  many  papers  could 
be  devoted  to  its  work.  Today  I want  to  only  discuss  the  explosives 
data  exchange,  storage  and  retrieval  aspects  of  JCAP. 

The  many  tasks  that  form  the  JCAP  effort  are  carried  out  by  Task 
Groups.  For  natters  involving  safety  a Task  Group  on  Safety  was  formed 
which  in  turn  appointed  a sub-committee  to  study  the  standardization  of 
explosives  mishap  data  elements,  definitions  and  existing  data  systems. 
After  reviewing  all  existing  reporting  instructions  and  studying  the 
various  services  data  systems  the  sub-ccmrrdttee  recommended  a standard 
reporting  format  complete  with  data  elements  for  all  JCAP  reports. 

Since  the  recommended  elements  and  format  very  closely  resembled  the 
Navy's  it  was  recommended  that  NWL  establish  a data  bank  to  store,  process 
and  retrieve  the  information  until  such  times  this  function  could  be 
carried  out  by  the  the  JCAP  Management  Information  System. 

A JCAP  report  has  the  following  format  and  data  elements: 

* report  symbol 

* item  nomenclature 

* FSC,  FUN 


* DODIC/NAIC 

* QUAIJTITY 

* LOT  NUMBER 

* DATE 

* TIME 

* LOCATION 

* DAY 

* DESCRIPTION 

* NUMBER  FATALITIES 

* NUMBER  INJURIES 

* MATERIAL  DAMAGE  DESCRIPTION 

* MATERIAI,  COST 

* E*1R/EWIROIlT*7rAL  CONDITIONS 

* CAUSE 

Primary 

Contributing 

* PROPOSED  CORRECT  TIT  ACTION 

* PRODUCTION  BASE  EFFECTS 

* INVESTIGATION 
The  user  report  include: 

* print-outs 

* histograms 

* JCAP  Accident  Briefs 

Hie  first  two  reports  are  generated  on  demand.  To  inform  users  of 
events  that  have  occurred  a complete  set  of  accident  briefs  are  generated 
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awl  sent  to  the  participating  services  each  quarter,  A print-out  of  the 
entire  data  bank  is  prepared  and  distributed  annually. 

IV.  SAFEQRD 

SAFEQRD  stands  for  the  "Safety  of  Explosive  Ordnance  Data  Bank." 

This  information  system  combines  the  sorting  and  indexing  capabilities 
of  the  oanputer  with  the  mass  storage  and  retrieval  capabilities  of  a 
large  scale  microfiche  system.  Unlike  the  data  systems  already  described 
which  require  the  transcription  of  data  for  computer  entry  the  SAFEORD 
System  stores  the  original  document.  This  eliminates  iruch  data  bias  and 
permits  the  user  to  view  original  documents. 

Vhile  SAFEQRD  was  initially  designed  as  a technical  information  sys- 
tem to  store  safety  data  on  Navy  and  Navy  procured  weapon  systems  the 
general  nature  of  its  design  permits  it  to  be  used  for  a variety  of 
information  handling  tasks. 

At  the  present  time  (September  1974)  SAFEQRD  has  stored  over  14,000 
safety  or  safety  related  documents.  This  represents  over  162,000  pages 
of  data. 

SAFEQRD  consist  of  two  major  segments  each  of  which  may  be  considered 
as  a separate  data  bank.*  First  we  have  the  computer  generated  index 
which  essentially  stores  input  information  pertaining  to  each  document 
entered  into  the  system.  Second  we  have  the  microfiche  system  that 
stores  the  original  document  and  is  capable  of  retrieving,  displaying, 
and  copying  it. 
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The  purpose  of  the  index  to  guide  the  searcher  to  the  microfiche 
oarmands  (tab  codes)  that  will  cause  the  display  of  the  desired  document. 
The  index  itself  defines  the  scope  of  the  data  that  ST'FEOFD  can  handle 
and  is  in  effect  a kind  of  weapon  system  description, Seventeen  codes  or 
descriptive  elements  make  up  the  basic  index: 

* 010  - weapon 

* 020  - mission 

* 030  - range 

* 040  - projector  platform 

* 050  - projector 

* C60  - fuze 

* 070  - stabilizer 

* 080  - guidance 

* 090  - warhead 

* 100  - warhead  content 

* 110  - propulsion 

* 120  - power  supply 

* 130  - propelling  charge 

* 140  - auxiliary  equipment 

* 150  - container 

* 160  - handling  equipment 

* 500  - references 

A typical  ocrqxiter  data  bank  printout  index  is  shown  in  the  next 
viewgraph. 
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The  left  hand  ooluoon  under  record  is  a unique  renter  that  identifies 


the  system  within  SftFECflD.  The  next  two  column  are  the  codes  and  line 
numbers.  These  are  followed  by  the  descriptors.  The  last  entry  is  the 
cross-reference  command  to  the  microfiche  system.  If  a line  has  no  micro- 
fiche tabs  this  indicates  that  no  information  has  been  stored  on  that 
component. 

Supplementary  indexes  may  also  be  generated  by  being  on  the  descrip- 
tors or  the  data  codes.  Such  an  index  using  WRB  as  a code  would  list 
all  weapon  systems  for  which  Safety  review  board  data  is  available. 

IV.  CONCLUSION 

In  conclusion  let  me  re- inter  late  the  well  known  saying  "if  you 
desire  to  divine  the  future  - know  the  past."  The  only  purpose  of 
informations  systems  is  to  record  what  has  already  occurred  so  we  can 
learn  from  past  experiences  and  hopefully  prevent  future  accidents. 
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ULTRA  HIGH  SPEED  FIRE  PROTECTION  SYSTEMS  FOR  ARMY  AMMUNITION  PLANTS 

A,  H.  Petersen 

DETECTOR  ELECTRONICS  CORPORATION 
Minneapolis,  Minnesota 

At  the  14th  Annual  Department  of  Defense  Explosive  Safety  Seminar, 
we  presented  a paper  on  the  development  of  a new  fire  protection 
system;  we  described  its  capability  of  detecting  fire  without  a false 
signal  problem  and  discharging  a high  speed  water  deluge  system  in 
time  intervals  measured  in  milliseconds.  The  development  of  this 
system  made  it  practical  to  consider  the  possibility  of  controlling 
and  extinguishing  fires  in  many  applications  where  instantaneous 
control  is  required.  Much  progress  has  been  made  since  the  1972 
meeting  and  this  paper  is  a report  to  you  on  that  progress,  and  will 
include  films  made  by  high  speed  photography  for  the  control  of 
black  powder  and  other  fast  burning  materials. 

For  those  of  you  who  jiay  not  be  familiar  with  the  system,  its  high 
speed  operation  is  obtained  by  using  ultraviolet  radiation  detectors 
and  explosively  detonated  deluge  valves. 

This  system  was  chosen  by  the  ICI  Corporation  to  provide  fire  protection 
to  its  new  Black  Powder  Processing  Facility  at  the  Indiana  Army  Ammunition 
Plant.  They  have  designed  and  engineered  a high  speed  deluge  system 
to  control  fires  at  their  facility  from  the  onset  of  the  basic  raw 
materials  to  the  completed  product  and  its  packaging. 


My  paper  will  describe  the  ultraviolet  detection  system,  the  high 

speed  deluge  system  and  their  application  at  the  Black  Powder  Processing 

Facility. 


Preceding  page  blank 
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Ultraviolet  detection  was  selected  because  it  would  eliminate  the 
false  actuation  attributed  to  other  types  of  optical  or  radiation 
detectors  and  still  maintain  instantaneous  response  time. 

The  electromagnetic  spectrum  is  probably  the  best  means  to  describe 
ultraviolet  detection.  The  electromagnetic  spectrum  can  be  divided  in- 
to several  categories.  Starting  with  the  shortest  wave  length  to  the 
longer,  these  categories  are: 

COSMIC  RAYS 
GAMMA  RAYS 
X-RAYS 

ULTRAVIOLET  RADIATION 
VISIBLE  LIGHT 
INFRARED 

RADAR,  TV,  RADIO 

However, for  purposes  of  our  discussion  we  will  only  concern  ourselves 
with  the  ultraviolet  visible  light  and  infrared  wave  lengths.  You 
will  note  by  this  slide,  that  photocells  or  light  detectors  not  only 
respond  to  fire  but  to  most  forms  of  ambient  light  and  therefore,  are 
limited  in  application.  Infrared  detectors  also  respond  to  a wide 
spectrum  and  therefore  are  sensitive  to  sunlight,  intense  artificial 
light  and  hot  refractory.  It  is  easy  to  see  that  a narrow  spectral 
response  is  necessary  to  reduce  the  possibility  of  false  signals.  The 
wave  length  of  sensitivity  of  Detector  Electronics  UV  detector  is 

1850  to  2450  Angstroms.  This  narrow  spectrum  of  sensitivity  prevents 

472 


;f,-  \ 


our  UV  sensing  detector  to  detect  radiation  from  sources  other 
than  fire.  It  is  also  important  to  note  that  radiation  from  the 
sun  and  artificial  lighting  does  not  fall  into  fche  detector's 
region  of  sensitivity  and  due  to  this  feature,  our  UV  detector  can 
be  used  in  areas  of  direct  sunlight,  intense  light,  either  in  or 
out  of  doors. 

The  UV  radiation  that  a UV  detector  is  sensitize  to  is  the  UV  emitted 
from  the  chemical  reaction  of  combustion.  In  a fi-re,  UV  is  emitted 
from  high  temperature  carbon  atoms  during  formation  of  water,  carbon 
monoxide  and  carbon  dioxide.  The  flames  from  almost  every  fire 
result  in  the  formation  of  these  compounds  and  as  a result  will  emit 
UV.  The  magnitude  of  the  UV  emitted  will,  of  course,  vary  with  the 
size  and  temperature  of  the  fire. 


Tests  conducted  for  existing  arsenal  and  industrial  applications 
indicate  fast  burning  munitions  materials  emit  tremendous  amounts  of 
UV  radiation.  Therefore,  a UV  detector  is  sensitive  to  a very  small 
ignition  even  at  considerable  distances. 


The  second  phase  of  the  fire  protection  system  is  the  water  delivery 
time  required  from  the  primer  firing  to  open  the  water  control  valve 
to  the  time  water  makes  its  exit  from  the  fire  protection  nozzles. 


The  high  speed  deluge  system  chosen  for  the  Indiana  Army  Ammunition 
Plant  is  manufactured  by  the  Grinnell  Fire  Protection  Systems  Company. 

The  basic  hardware  of  their  system  is  the  primer  explosive  actuated 
valve.  When  the  UV  detection  signal  actuates  the  primer,  a latch 
is  released  within  the  valve  allowing  the  water  pressure  to  open  the 
valve  and  impress  the  line  pressure  on  the  priming  water  in  all 
piping  downstream  of  the  control  valve.  This  pressure  is  capable 
of  rupturing  or  blowing  off  the  closures  at  the  discharge  nozzles, 
which  up  to  this  point  retained  the  priming  water  in  the  piping. 

Water  is  then  discharged  from  the  nozzles  onto  the  fire  at  full  line 
pressure.  The  time  from  primer  firing  to  water  delivery  from  the 
fire  protection  nozzles  is  measured  in  milliseconds.  However,  this 
time  is  dependent  on  several  factors.  One  of  these  factors  is  the 
completeness  of  the  water  prime  of  the  piping  system  from  the  control 
valve  to  the  nozzle  closures. 

Another  important  factor  is  water  supply  pressure. 

Water  delivery  time  is  also  dependent  on  the  size  and  directness  of 
the  system.  Therefore,  short  and  straight  fire  protection  piping 
routes  from  water  supply  to  nozzles  are  important.  All  of  these 
factors  played  an  important  role  in  tne  design  of  this  fire 
protection  system. 
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The  application  can  be  best  explained  by  this  slide  of  the  site 
plan  of  the  new  Black  Powder  Processing  Facility.  As  you  can  see, 
there  are  four  distinct  and  separate  processing  areas  spanned  by 
intra  and  inter  building  vibrating  conveyor  systems.  These  areas  are 
the  Process  Building,  the  four  Glaze  Houses,  the  Screen  House,  and 
the  Pack  House.  The  raw  materials  for  black  powder  - sulfur,  carbon 
and  potassium  nitrate  - are  brought  into  the  Process  Building  for 
blending  on  separate  conveyors.  Each  conveyor's  span  is  scanned  by 
UV  detectors  mounted  inside  at  15  to  20  foot  intervals.  Additional 
detectors  are  field  mounted  to  supervise  the  process  equipment  and 
operating  areas. 

The  Process  Building  is  partitioned  into  three  separate  processing 
areas  with  each  area  having  a high  speed  water  deluge  system  and  water 
supply.  The  blended  powder  is  then  transported  to  the  Glaze  Houses 
via  inter-building  conveyors  each  having  Its  own  fire  detection  syBtem. 
Each  Glaze  House  has  its  own  water  deluge  system.  The  in-process 
black  powder  is  transported  from  the  Glaze  House  to  the  Screen  House 
by  inter-building  conveyors.  Here  again,  each  conveyor  span  has  a 
complete  fire  protection  system.  Both  the  Screen  House  and  conveyor 
span  to  the  Pack  House  have  a deluge  fire  protection  system.  The  Pack 
House,  where  the  black  powder  is  packaged  for  shipment  or  storage, 
has  two  operating  areas  and  two  deluge  systems. 

A total  of  23  deluyo  systems  are  required  to  protect  this  new  black 
powder  facility.  All  of  the  systems  will  be  ultraviolet  actuated 
high  Bpeed  deluge  systems.  Three  types  of  water  sources  will  be  used 
to  operate  the  deluge  systems. 
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One  design  will  be  a self-contained  300  gallon  water  supply  stored 
in  pressurized  tanks  for  deluge  systems  protecting  the  inter- 
building conveyors.  These  tanks  will  be  installed  in  gallaries  above 
the  conveyor?,  at  designated  midpoint  locations  for  best  water  delivery. 

The  second  design  is  a combination  300  gallon  self-contained  supply 
and  plant  water  supply.  This  system  will  be  located  at  the  two  major 
inter-building  conveyor  junction  points. 

A third  design  is  a combination  1000  gallon  self-contained  supply  and 
the  plant  water  supply  to  protect  each  of  the  seven  buildings  of  the 
process  facility.  These  systems  will  be  located  in  the  Environmental 
Service  Centers  adjacent  to  each  of  the  Process  Buildings.  As 
already  mentioned,  the  system  will  be  UV  actuated. 

Those  detectors  required  to  view  within  the  processing  equipment  will 
be  a new  miniature  type  to  provide  internal  supervision.  The  detector's 
response  is  instantaneous  to  ultraviolet  radiation  existing  in  its 
cone  of  vision.  The  resultant  signal  from  detector  control  panels 
actuates  the  deluge  control  valve.  These  control  panels  are  housed 
in  the  Environmental  Service  Centers  which  are  adjacent  to  the  Process 
Buildings  of  the  Black  Powder  Facility.  These  panels  contain  all 
the  necessary  circuitry,  switches  and  readout  devices  to  test  manually 
and  automatically  the  entire  system's  electrical  integrity.  The 
panels  also  continuously  check  the  continuity  of  each  deluge  valve's 
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actuation  circuit.  Visual  indication  will  be  provided  for  a confidence 
or  no-confidence  condition.  In  addition  to  the  fire  protection 
system's  continuous  self-supervision,  it  also  has  a built-in  logic 
scheme  to  prevent  the  propagation  of  fire  from  entering  into  adjoining 
processing  areas.  The  scheme  provides  multiple  actuation  of  the  deluge 
system  and  works  like  this: 

If  fire  ignites  in  the  intra -conveyor  span  of  the 
Process  Building,  the  deluge  systems  for  both  areas 
801  and  811  of  the  Process  Building  will  be 
actuated.  Another  example,  if  fire  breaks  out  in 
Glaze  House  #804,  the  water  deluge  system  GH3 
for  the  Glaze  House  would  be  actuated  and  the  logic 
scheme  would  also  actuate  water  deluge  system  C3 
and  C8  of  the  inter -conveyor  system. 

Therefore,  it  can  be  seen  that  the  detection  of  an  ultraviolet  source 
by  a single  specific  fire  protection  system  will  also  result  in 
actuation  not  only  of  that  system,  but  also  simultaneous  actuation 
of  designated  "upstream1  and  "downstream"  deluge  systems.  Provisions 
for  manually  over-riding  this  multiple  actuation  capability  will 
also  be  provided  in  the  control  panel. 

Due  to  the  environmental  conditions  within  the  conveyors,  it  is 
essential  that  each  of  the  detectors  be  periodically  tested  by  an 
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external  ultraviolet  light  source.  This  ultraviolet  source  will 
simulate  a fire  condition  by  producing  a beam  of  ultraviolet  radiation 
capable  of  actuating  the  detector  and  amplifier  controller  circuit 
to  verify  the  response  of  the  system. 

As  you  can  see,  UV  fire  detection  with  a detonated  deluge  valve  system 
provides  ultrafast  fire  protection  for  arsenal  and  like  applications. 

The  concept  is  unique  because  arsenal  areas  can  be  monitored  visually 
withe.  ; any  problem  of  false  alarms  due  to  lighting  or  reflected 
light  sources.  In  addition,  this  system  completely  eliminates  the 
necessity  of  building  light  barriers  or  shields  required  previously 
by  other  detection  systems.  Because  of  these  advantages  existing 
detection  systems  are  being  retrofitted  with  Detector  Electronics 
UV  fire  detection  equipment  and  specified  for  modernization  programs. 

To  illustrate  UV  detection  capabilities,  a film  of  application  tests 
on  fast  burning  materials  will  now  be  shown.  The  first  test  was 
conducted  by  the  MRC  Corporation  of  Baltimore,  Maryland  on  black 
powder  fires.  Other  tests  will  illustrate  the  detection  and  suppression 
of  gasoline,  magnesium  and  black  powder  fires.  The  last  film  clip 
is  of  a new  UV  explosion  detection  and  suppression  system  being 
developed  for  underground  coal  mines. 
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CLASSIFICATION  AND  ITS  PITFALLS  FOR  PYROTECHNIC  COMPOSITIONS 


F,  L.  McIntyre 
General  Electric  Company 
National  Space  Technology  Laboratories 
Bay  St.  Louis,  Mississippi 


ABSTRACT 


Edgewood  Arsenal  has  been  actively  engaged  ir.  the  investigation  of  hazards  evaluation  and 
classification  techniques.  This  study  has  culminated  in  reaffirmation  of  the  classification 
techniques  presently  employed  in  TB  700-2  with  suggested  modifications  for  pyrotechnics. 
During  the  course  of  this  ongoing  investigation,  certain  pitfalls  were  noted  and  the  subject 
matter  of  this  presentation  addresses  itself  to  these  pitfalls.  Some  of  the  pitfalls  are 
(1)  classification  during  manufacturing  process,  ^2)  initiating  sources,  ind  (3)  classifica- 
tion versus  hazards  evaluation.  Finally,  I would  like  to  comment  on  trends  of  today's 
technology.  While  pointing  out  pitfalls  and  commenting  on  today's  technology,  it  is 
impossible  in  tills  paper  to  pravide  all  of  the  solutions  - rather  it  is  intended  to  provide 
stimulation  for  thought. 
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I. 


INTRODUCTION 


Edgewcod  Arsenal  Is  actively  engaged  In  the  Investigation  of  hazards  evaluation  and  classi- 
fication techniques.  This  ongoing  study  has  resulted  in  recommendation  for  modification 
of  Explosives  Hazards  Classification  Procedure  (Army  Technical  Bulletin  700-2)^  that 
fulfills  the  voids  necessary  for  pyrotechnic  classification.  During  preliminary  investiga- 
tions it  was  found  that  the  existing  document  did  achieve  the  desired  effects  of  categorizing 
a hazardous  material  except  in  the  area  of  pyrotechnic  materials.  It  was  also  found  that 
deficiencies  or  problems  would  occur  if  the  following  situations  were  realized:  General- 
ized assumptions  such  as  changing  the  classification  of  a material  during  various  phases  of 
the  manufacturing  processes,  too  much  emphasis  placed  upon  the  minimum  prescribed 
initiating  sources,  and  misconceptions  as  to  definitions  that  distinguish  between  classifica- 
tion and  hazards  levels . 

II.  BACKGROUND 

CLASSIFICATION  DEFINED 

Classification  as  it  pertains  to  hazardous  materials  is  the  systematic  arrangement  into 
groups  or  categories  according  to  established  safety  criteria.  Cognizant  DOD  and  DOT 
agencies  accomplish  this  by  subjecting  the  specimen  material  (i.e.,  explosives,  propel- 
lants, or  pyrotechnics)  to  standardized  initiating  influences  as  specified  in  Army  Technical 
Bulletin  700-2.  The  output  reactions  being  observed  as  either  mass  detonation  or  fire 
hazard  are  then  utilized  to  determine  into  which  class  the  specimen  will  be  categorized  so 
that  it  may  be  transported,  stored,  or  handled  within  acceptable  safety  limits  (see 
Figure  1). 

The  prescribed  initiating  influences  are  limited  by  the  selected  test  methods,  i.e. , thermal 
stability,  detonation  test,  card  gap,  impact  sensitivity  and  ignition  and  unconfined  burning. 
Unfortunately,  these  stimuli  fall  into  one  of  two  categories:  minimal  initiation  sources  or 
overkill  initiation  sources,  so  that  the  resultant  reaction  which  we  rsc  to  classify  a 
material  are  ones  of  extreme  at  either  end  of  the  spectrum  (see  Figure  2), 

HI.  DliJCUSSION 

Various  regulations  ’ ’ specifically  state  what  constitutes  the  classification  of  a 
hazardous  material  during  its  life  cycle.  These  regulations  describe  the  safety  statements, 
safety  releases  and  assignment  of  hazards  levels  required  during  th„  development,  manu- 
facturing, transporting,  storage  and  ultimate  consumption.  In  addition,  these  documents 
identify  which  agency  is  responsible  for  what  type  of  certification  or  releases  required  for 
each  step  in  the  life  cycle.  However,  derived  through  empirical  data,  historical  events, 
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Figure  2.  Classification  of  a Hazardous  Material  per  TB  700-2  Tests 
Initiation  Susceptibility  versus  Output  Reaction 


intuitive  judgments,  or  sound  safety  practices  utilizing  the  conservative  safety  principles 
these  regulations  have  been  detrimental  in  reducing  potential  hazards . 

As  these  regulations  evolve  from  their  inception  to  practicalities  of  manufacturing,  trans- 
porting or  storage  they  are  subjected  to  interpretation  to  satisfy  economic  conditions  at  a 
moment  in  time.  Thus,  waivers  are  granted  and  these  interpretations  of  the  original 
regulation  alter  their  ntent  and  these  alterations  now  become  the  governing  regulation. 

One  such  case  is  * e arbitrary  reclassification  of  a bulk  pyrotechnic  material  during  manu- 
facture (which  would  be  a Military  Class  7/DOT  Class  A)  to  a lesser  one  (Military  Class  2/ 
DOT  Class  B)  because  it  has  been  processed  into  an  end  item.  On  the  surface  this  would 
seem  acceptable  for  we  can  rationalize  that  a pyrotechnic  material  is  more  sensitive  in  the 
unconsolidated  state.  But  an  end  item  pyrotechnic  munition  usually  consists  of  the  primary 
constitutents  to  perform  its  task  (i.e.,  colored  smoke  or  flare)  plus  a more  sensitive 
starter  mix  and  in  some  cases  a first  fire  plus  a propelling  charge  or  any  multiple  combina- 
tion of  these  ingredients.  Each  of  these  additional  ingredients  may  or  may  not  pose  a 
problem  in  handling  as  they  are  usually  more  sensitive  than  the  primary  charge  which  could 
function  and  alter  the  downgraded  classification.  Without  performing  the  prescribed 
standard  tests,  it  may  never  be  known  until  the  historical  data  for  accidents /incidents  are 
gathered  that  we  do  in  fact  have  a problem.  Upgrading  or  downgrading  of  the  classification 
of  a hazardous  material  should  not  be  based  upon  stages  in  manufacture  or  its  shipping 
container  but  upon  empirical  evidence  gathered  to  substantiate  facts  as  they  exist  and  not 
what  we  would  like  them  to  be  for  whatever  reason. 

It  is  significant  to  note  that  the  current  Explosives  Hazard  Classification  Procedure  specifi- 
cally excludes  the  susceptibility  to  accidental  initiation  by  electrostatic  and  electromagnetic 
influences.  With  the  inception  of  the  Army  Arsenal  Modernization  Programs,  current  and 
proposed  methods  of  manufacturing  processes  have  these  inherent  stimulus  designed  into 
the  systems.  Also  noted  that  electrostatic  charge  generation  has  been  the  probable  cause 

for  many  unexplainable  accidents  that  have  occurred  in  various  plants  in  the  past  twenty 
S 7 

years.  ’ For  obvious  reasons  manufacturing  of  pyrotechnics  has  also  been  excluded 
from  TB  700-2  thus  these  inherent  conditions  which  cause  electrostatic  generation  are  not 
under  present  scrutiny.  These  conditions  can  also  be  found  as  the  result  of  engineering  in 
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end  item  package  methods  for  transportation  and  storage.  Then,  too,  electrostatic 
charg  ) generation  and  electromagnetic  influences  should  be  considered  for  classification. 

In  conclusion  then  we  cannot  be  lulled  into  a false  sense  of  security  by  simply  performing 
the  minimum  prescribed  tests.  Rather  all  aspects  that  affect  the  life  of  a hazardous 
material  should  be  taken  into  account  during  the  testing  phase.  It  clearly  states  in  TB  700-2 
that  additional  tests  shall  be  performed  as  conditions  warrant  it. 


Hazards  evaluation  as  it  pertains  to  explosives,  propellants,  or  pyrotechnics  is  the  process 
of  examining  or  judging  a material  or  an  event  in  a process  during  manufacturing,  trans- 
porting or  storage  as  a source  of  danger.  Hazards  evaluation  identifies  the  most  probable 
failure  sequence  and  a numerical  probability  which  represents  a measure  of  systems 
safety.  The  value  derived  from  hazards  evaluation  is  detrimental  in  establishing  quantita- 
tive values  for  safety  criteria.  As  noted,  there  is  a significant  difference  between  hazards 
evaluation  and  classification  definitions  in  that  classification  is  based  upon  qualitative 
values  and  judgments  and  categorizes  a material  without  examining  a specific  event.  These 
definitions  should  not  be  confused  as  being  synonymous. 

IV.  TODAY'S  TRENDS 

The  need  to  perform  evaluation,  classification  and  risk  analysis  are  ever  increasing  with 
today's  technology.  The  advent  of  the  arsenal  modernization,  new  and  varied  munitions 
and  environmental  effects  brings  about  gross  changes  in  present  established  safety 
criteria.  If  we  are  to  incorporate  safety  standards  and  classification  on  a global  basis  to 
be  in  keeping  with  NATO  countries,  then  we  too  must  accept  the  inevitable  and  structure 
our  safety  criteria  to  be  compatible  with  our  own  needs  and  NATO  requirements  as  well. 

Figure  3 is  an  attempt  to  signify  that  classification,  risk  analysis  and  hazards  evaluation 
should  be  valued  separately,  equally  and  quantitatively.  Current  Edgewood  Arsenal  pro- 
grams are  attempting  to  accomplish  this.  It  Would  be  premature  to  exemplify  results  at 
this  time.  Furthermore,  it  is  anticipated  that  acceptability  of  such  endeavors  will  be 
fraught  with  peril. 
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SYSTEMATIC  APPROACH  TO  HAZARD  AND  DAMAGE  POTENTIAL 


Dr.  G,  L.  McKown 

Edgewood  Arsenal  Resident  Laboratory 
National  Space  Technology  Laboratories 
Bay  St.  Louis,  Mississippi 


ABSTRACT 

A logical  systems  analysis  approach  to  determination  of  hazard  levels  and 
damage  potentials  for  generalized  hazard  evaluations  was  presented. 


Previous  attempts  to  outline  detailed  mathematical  descriptions  of 
hazardous  process  mechanisms  have  been  directed  toward  specific  ends: 
classification,  risk  analysis,  or  hazard  analysis  of  engineering  designs. 

An  attempt  is  presently  underway  to  base  hazards  evaluation  descriptions 
on  inherent  parameters  and  to  describe  the  magnitude  of  a hazard  in 
terms  of  measurable  properties.  It  is  assumed  that  the  primary  problem 
associated  with  a potential  hazard  is  the  damage  that  might  occur;  accord- 
ingly, the  model  for  a hazards  analysis  has  been  designed  to  yield  the 
damage  probability  for  a given  set  of  input  conditions. 

The  fundamental  parameters  of  Interest  in  a hazards  analysis  are 
considered  to  be  (a)  the  thermo chemical  properties  of  materials;  (b) 
the  conditions  under  which  these  materials  are  observed;  (c)  the  sus- 
ceptibility of  various  entities  toward  damage;  and  (d)  the  mechanism  by 
which  damage  can  result.  These  parameters  are  further  detailed  in 
Figure  1.  Attempts  to  combine  these  fundamental  properties  into  mathe- 
matical or  phenomenological  descriptions  result  in  extremely  complex 
expressions,  requiring  the  use  of  5-space  mathematics  and  5-level  matrixes. 
Since  such  descriptions  are  not  amenable  to  normal  interpretation  and 
cannot  be.  readily  visualized,  other  methods  must  be  considered  for  dealing 
with  the  manner  in  which  these  parameters  are  combined.  At  present  the 
most  promising  approach  is  to  consider  that  the  damage  mechanism  can  be 
described  as  a logical  process,  as  shown  in  Figure  2. 

Details  of  *"he  general  scheme  in  combinatorial  logic  format  are  shown 
in  Figures  3,  4,  and  5.  Since  these  diagrams  can  be  represented  by 
corresponding  logical  mathematic  descriptions,  attempts  are  being  made 
to  derive  formula''  and  equations  based  on  this  approach.  It  is  antici- 
pated that  considerable  simplification  of  the  description  can  be  derived 
once  details  of  the  combinatorial  logic  are  obtained  and  evaluated. 
Furthermore,  understanding  of  the  process  by  which  damage  occurs  may 
provide  preliminary  evaluations  of  preventive  measures,  system  modifica- 
tion, or  changes  in  constituency  that  could  reduce  damage  probability. 

It  is  anticipated  that  subjects  such  as  hazard  classification  and  risk 
analysis  can  be  obtained  directly  from  such  fundamental  descriptions. 
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Figure  3,  Details  of  Thermdckemical  Properties 
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EFFECTS  OF  ENVIRONMENTAL  AND  PROCESSING  CONDITIONS 
ON  COMPOSITION  AND  SENSITIVITY  OF  HC  WHITE  SMOKE  MIX 

Dr.  G.  L.  McKown 

Edgewood  Arsenal  Resident  Laboratory 
National  Space  Technology  Laboratories 
Bay  St.  Louis,  Mississippi 


ABSTRACT 


A program  was  conducted  to  determine  sensitivity  and  energy  release  of 
HC  White  Smoke  Mixes  prepared  under  a variety  of  environmental  and  blend- 
ing conditions.  The  effects  of  temperature,  humidity,  mixing  rate  and 
time  on  moisture  content,  initiation  sensitivity,  homogeneity,  output 
energy  and  reaction  mechanism  were  investigated,  Impact  sensitivity, 
thermal  stability,  electrostatic  sensitivity,  chemical  analysis,  differ- 
ential thermal  analysis,  and  Parr  Bomb  Calorimetry  results  are  reported 
on  samples  prepared  within  the  following  matrix  of  conditions: 

• Temperatures  of  24°  C and  41°  C 

• Relative  Humidity  of  35%,  65%,  and  90% 

• Two  blending  times 

• Three  sampling  times 

• Four  HC  mix  compositions 


This  presentation  will  discuss  some  recent  findings  of  projects  dealing 
with  the  hazards  associated  with  production  of  HC  white  smoke  mix.  HC 
white  smoke  mix  is  a fairly  common  smoke  composition  containing  Aluminum 
powder  (as  the  fuel) , Hexachloroethane  (as  the  oxidizer) , and  Zinc  Oxide 
(as  the  diluent).  In  January  of  this  year  work  was  completed  on  a project 
to  evaluate  the  hazards  introduced  by  blending  of  HC  white  smoke  mix  in 
a Jet  Airmixer,  details  of  which  are  shown  in  Figure  1,  Specifically , 
the  objective  was  to  determine  whether  unacceptably  high  hazard  levels 
were  present  during  the  blending  process.  The  results  of  this  study  are 
shown  in  Figure  2, 

Tests  were  performed  to  determine  whether  the  carrier  gas  and  charging 
sequence  would  influence  electrostatic  charge  generation  in  the  mixer. 

It  was  determined  that  dry  air  represents  the  best  carrier  medium,  and 
a preblend  of  zinc  oxide  and  hexachloroethane  prior  to  addition  of  aluminum 
was  recommended.  Tests  designed  to  determine  the  susceptibility  of  the 
mix  in  500  pound  quantities  and  3 feet  in  diameter  to  initiation  either 
by  a plane  shock  wave  generator  or  a squib  ignitor  showed  no  tendency 
toward  detonation  either  by  propagation  velocity  within  the  mass  or  by 
resultant  blast  overpressure.  Finally,  full  scale  blending  of  2170 
pound  quantities  exhibited  electrostatic  charge  buildup  several  orders 
of  magnitude  less  than  the  initiation  sensitivity  of  the  mix.  Only  a 
nominal  temperature  change  was  observed  during  the  mixing  process. 

Concurrent  with  and  subsequent  to  the  full-scale  test  program,  a laboratory 
study  of  HC  smoke  mix  was  performed  using  the  bench  model  (3  cubic  foot) 

Jet  Airmixer.  The  objective  was  to  determine  whether  environmental  para- 
meters such  as  temperature  and  humidity  levels  and  mixing  parameters  such 
as  composition,  rate  and  time  had  any  effect  on  the  sensitivity  or  output 
energy  characteristics  of  the  compositions.  Samples  were  prepared  within 
the  range  of  parameters  shown  in  Figure  3.  400  gram  batches  of  the 

Formulary  Composition  were  mixed  in  the  small  scale  Jet  Airmixer  and  sub- 
jected to  impact  sensitivity,  thermal  stability,  and  electrostatic  sensi- 
tivity tests.  Chemical  analysis  for  all  major  components,  differential 
thermal  analysis,  and  Parr  Bomb  calorimetry.  In  addition  to  sensitivity 
and  energy  release  characteristics,  it  was  anticipated  that  information 
on  moisture  absorption  by  the  mix,  homogeneity  of  mixes,  and  changes  in 
the  course  of  reaction  could  be  determined.  Results  of  these  tests  are 
shown  in  Figures  4-6, 

The  electrostatic  sensitivity  tests  showed  no  apparent  positive  reaction 
on  some  30  samples  tested  up  to  a limit  of  five  joules  input  energy. 

These  observations  support  previous  work  on  factory  blended  material. 

The  thermal  stability  tests  yield  the  weight  loss  of  a 2"  cube  of  material 
(165  grams)  held  at  a temperature  of  75°  C for  24  hours.  For  all  samples, 
weight  losses  of  45-69%,  amounting  to  total  loss  of  the  hexachloroethane, 
were  observed,  The  analytical  results  on  % composition  of  1 gram  samples 
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taken  from  the  batches  show  variations  5-10  times  greater  than  the  method 
accuracy.  If  these  standard  deviations  appear  to  indicate  significant 
inhomogeneity,  consider  that  samples  ranged  in  % aluminum  from  2.9  to 
67.,  a factor  of  two.  No  connection  with  the  sample  preparation  parameters 
was  observed. 

The  impact  sensitivity  results  shown  in  Figure  5 conform  neither  to  pre- 
vious observation  nor  to  the  Class  2 designation  based  on  that  earlier 
work.  While  little  significant  variation  of  results  with  the  environmental 
or  mixing  parameters  was  observed,  this  table  shows  the  percentage  of 
trials  showing  some  evidence  of  positive  reaction,  (That  is,  smoke,  noise, 
flame,  explosion,  etc.)  The  weight  loss  data  is  just  as  interesting.  For 
10  gram  samples  stored  in  dessicators  held  at  25°  C with  either  low,  inter- 
mediate or  high  humidity  conditions,  weight  losses  of  0.2%  per  day  were 
observed  over  a 15  day  period.  In  other  tests  on  samples  maintained  in  an 
oven  for  24  hours  at  41°  C (105°  F) , total  loss  of  hexachloroethane  from 
the  samples  was  observed. 

In  order  to  obtain  information  on  energy  release  characteristics,  a series 
of  samples  prepared  in  the  ratios  shown  were  maintained  for  24  hours  in  the 
constant  temperature  and  humidity  environments.  Bomb  calorimetry  results 
again  showed  no  significant  variation  with  such  conditioning,  except  the 
105°  F oven-dried  samples  as  would  be  expected.  These  results  show: 

1.  The  effect  of  inhomogeneities  For  an  inhomogeneous 
blend,  energy  output  could  vary  by  a factor  of  four. 

2.  The  effect  of  HC  sublimation:  Note  that  removal  of 

part  of  the  hexachloroethane  could  cause  variations 
in  output  energy  of  50%. 

In  summary,  this  study  has  shown  -hat: 

1.  Sublimation  of  hexachloroethane  is  significant  even 
at  normal  temperatures  and  under  semiconfinement, 

2.  Gram-sized  inhomogeneities  of  >5%  were  found  in 
formulations  prepared  in  the  Lab  Scale  Jet  Airmixer. 

3.  Impact  sensitivity  results  were  consistently 
inconsistent  with  prior  data, 

4.  No  evidence  was  found  to  indicate  that  significant 
moisture  absorption  from  humid  atmospheres  occurs 
during  storage  or  blending. 
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5.  Output  energy  is  a complex  function  of  mixture 
composition  and  is  independent  of  environmental 
humidity  during  short-term  storage 

6.  Within  the  limits  of  the  experiment,  there  was 
no  evidence  that  the  sensitivity  of  the  mix 
varies  with  environmental  conditions  of  mixing. 

It  should  be  pointed  out  that  these  experiments  were  performed  using 
chemically  pure  components.  It  is  possible  that  commercial  grade  mat- 
erials would  produce  less  sensitive  mixes  than  those  prepared  from  pure 
components,  but  this  feature  would  not  be  expected.  Also,  absorption 
of  moisture  may  be  more  significant  in  the  case  of  impure  materials. 
These  considerations  can  be  evaluated  only  by  further  experimental 
determination  of  impurity  effects. 
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F igure  2 . 

Results  of  large-scale  jet  airmix  hazards  study 
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SAFETY  THROUGH  DIRECT  DIGITAL  CONTROL 


Mr.  Norl  Hamilton 
ICI  United  States  Inc. 

Volunteer  Army  Ammunition  Plant,  Tenn. 


In  1968,  an  extensive  modernisation  was  begun  in  the  Government- 
owned,  contractor-operated  TNT  manufacturing  plants  in  the  U.  S. 
Army  Munitions  Command.  As  part  of  this  program,  10  of  the 
existing  batch  production  lines  built  at  the  Volunteer  Army 
Ammunition  Plant  in  the  early  1940 's  are  being  replaced. 

A new  continuous  nitration  process  developed  by  Canadian  Industries 
Limited  will  replace  the  old  lines.  The  new  manufacturing  facility 
was  to  be  a local,  manual-control  operation. 

A primary  benefit  of  the  G0C0  plant  comes  from  a continued  funnel- 
ing  of  current  industrial  know-how  into  the  military  production 
base.  This  was  exemplified  when  the  operating  contractor  recom- 
mended that  remote  digital  control  be  evaluated  for  use  in  the  new 
facilities. 

The  proposal  was  evaluated  and  accepted  by  the  Army  for  implementa- 
tion at  Volunteer.  As  a result  of  the  implementation.  Volunteer 
has  the  first  completely  automated  and  remotely  controlled  TNT 
production  facility  in  the  free  world.  Because  of  the  system, 
we  now  consider  our  facility  the  safest. 

When  the  system  is  installed  on  all  10  lines,  Volunteer  will  rank 
among  the  world’s  largest  chemical  complexes  being  directly  con- 
trolled by  a single  computer. 

My  purpose  today  is  to  present  Ihe  sometimes  forgotten  — but 
always  important  — safety  advantages  inherent  in  applying  remote 
direct  digital  control  to  industrial  manufacturing  facilities. 

The  advantages  are  particularly  applicable  to  the  chemical  in- 
dustry and  more  specifically  to  the  explosives  industry. 

The  importance  of  these  safety  advantages  was  brought  home  to  us 
on  May  31,  1974,  when  the  Radford  Army  Ammunition  Plant  suddenly 
took  on  this  appearance , While  property  damage  was  extensive 
in  tnis  accident,  miraculously  there  were  no  fatalities. 

The  Radford  incident  is  not  our  topic.  It  serves,  however,  to 
remind  us  of  the  importance  of  safety  in  the  explosives  industry. 

A historical  study  performed  at  VAAP  revealed  that  all  recorded 
accidents  in  the  explosives  industry  — such  as  the  one  at  Rad- 
ford — can  be  traced  directly  or  indirectly  to  human  error. 
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As  a result  of  this  accident,  the  review  board  at  Radford  made 
32  recommendations  for  immediate  implementation  on  CIL  process 
facilities.  At  Volunteer,  we  found  that  fully  half  of  these  re- 
commendations are  either  inherent  to  or  designed  into  our  DDC 
system. 

Our  DDC  system  at  Volunteer  is  designed  to  safely  control  the  pro- 
duction facility  during  plant  startup,  continuous  operation, 
stepping  to  intermediate  levels  and  normal  or  emergency  shutdown. 
Further,  it  has  the  ability  to  operate  all  10  lines  — plus  the 
support  facilities  — individually  and  yet  simultaneously  during 
all  these  stages  while  varying  production  rates  on  various  lines 
to  safely  achieve  optimum  production. 

By  far,  the  greatest  safety  asset  gained  from  DDC  is  that  we  can 
remove  operating  personnel  from  the  explosive  area. 

The  operator  in  his  barricaded  remote  control  house  will  be  allowed 
to  make  rational  decisions  when  an  emergency  arises.  He  can  take 
appropriate  action  through  DDC  to  eliminate  the  emergency  without 
having  to  consider  his  own  safety. 

An  inherent  plus  with  digital  control  is  that  sequential  operations 
can  be  programmed  to  take  place  automatically.  This  reduces  or 
eliminates  possibility  of  human  error  and  the  dangerous  "one  person 
crash  decision." 

Corrective  actii  n is  programmed  into  the  system  as  unsafe  conditions 
are  identified. 

The  operator  is  not  eliminated  from  the  operation.  He  can  still 
manipulate  the  process  within  pre-determined  safe  bounds.  If  the 
operator  initiates  an  action  not  within  preset  safe  bounds,  the 
system  will  consider  the  action  an  "illegal  entry"  and  will  not 
accept  it . 

All  actions  taken  by  the  operator  are  recorded  for  review  by 
management . 

Preset  bounds  of  operation  and  safety  interlocks  cannot  be  broached 
by  the  operator's  panel. 

An  engineer's  panel  gives  management  operational  flexibility  and 
ease  of  modifications  to  the  control  and  sequential  schemes.  This 


panel  is  locked  and  can  be  acces.-'xi  only  by  qualified  management 
personnel.  With  this  system  security  feature,  management  can  be 
assured  that  approved  safety  procedures  are  strictly  inforced. 

In  addition  to  personnel  safety,  equipment  safety  and  longevity 
will  be  increased  due  to  the  ability  of  the  system  to  continuously 
monitor  process  and  auxiliary  systems.  It  will  spot  malfunctioning 
equipment  before  failure,  allowing  normal  maintenance  or  replacement 
without  interrupting  production.  While  the  first  reaction  to  equip- 
ment safety  and  longevity  may  be  thought  of  as  an  economic  rather 
than  a safety  advantage,  a second  look  shows  a large  plus  on  the  side 
of  safety. 

Common  knowledge  tells  us  that  sudden  upsets  to  any  process  can  pro- 
duce a potentially  hazardous  condition  and  such  upsets  are  inherent 
in  startups  and  shutdowns.  If  we  can  eliminate  an  unscheduled  shut- 
down and  startup  then  safety  is  enhanced. 

Along  with  personnel  and  equipment  safety,  DDC  provides  better  process 
control  and  improved  product  quality.  These  advantages  come  from 
greater  operating  flexibility  and  better  process  infc  nation.  Such 
features  as  adaptive  self  tuning,  self  diagnosis  and  the  optimization 
models  are  programmed  into  the  system. 

Here  again,  this  is  rot  generally  considered  a safety  advantage, 
but  in  the  case  of  TNT  production  it  is  a big  safety  factor.  For 
example,  the  drowning  of  a charge  in  the  nitration  phase  is  generally 
caused  by  an  unsafe  condition  resulting  from  poor  process  control. 
Removal  from  the  area  and  disposal  of  a drowned  charge  is  a hazardous 
sequence  which  should  be  avoided. 

The  re-work  of  off-spec  TNT  is  another  hazardous  operation  and  must 
be  done  manually  at  present.  Any  time  these  operations  can  be  elim- 
inated by  better  process  control  and  improved  product  quality,  safety 
is  greatly  enhanced. 

Because  of  hazardous  plant  conditions,  it  was  of  the  utmost  importance 
that  operating  personnel  have  the  most  reliable  system  available  to 
continuously  monitor  and  control  the  TNT  process,  a system  to  provide 
necessary  information  to  operate  efficiently  and  to  safeguard  personnel 
and  equipment. 

In  designing  the  VAAP  system,  safety  received  utmost  consideration  due 
to  the  hazardous  prodi  't ‘.on  facility  being  controlled.  As  a result, 
certain  specific  areas  the  process  have  up  to  five  levels  of  backup 
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for  control.  These  levels  are: 


1.  DDC  computer  control 

2.  Supervisor  or  Backup  computer  control 

3.  Remote  analog  control 

4.  Remote  manual  control 

5.  Local  relay  monitoring  control 

6.  Local  manual  control 

The  very  nature  of  such  redundancy  is  a design  problem  within  itself. 

In  a complex  system  such  as  this,  it  is  imperative  that  maximum  safety 
requirements  be  fulfilled.  Yet  flexibility  of  operation  must  be  pro- 
vided without  having  safety  interlocks  locking  out  the  ability  to 
start  up  and  operate  the  plant. 

The  system  installed  at  Volunteer  provides  the  redundancy  required 
for  monitoring,  control  and  alarm  functions.  In  the  VAAP  configura- 
tion, a single  computer  called  the  DDC  computer  is  dedicated  to 
monitoring,  control  and  alarm  functions.  A separate  computer  called 
the  Supervisor  computer  is  used  for  logging  and  optimization  functions. 
Both  computers  share  all  input  data.  In  the  event  the  DDC  computer 
should  fail,  the  Supervisor  — or  Backup  — computer  will  assume 
control.  The  transfer  of  functions  occurs  with  no  loss  of  effective- 
ness in  any  of  the  functions. 

What  happens  if  both  computers  fail  simultai.eously?  In  this  case, 
the  system  will  take  the  process  to  a pre-determined  safe  condition. 
Operation  at  the  remote  analog  or  manual  level  would  start,  if  re- 
quired, as  sufficient  qualified  personnel  are  made  available.  At 
any  level  of  remote  operation,  if  intelligence  between  the  remote 
control  house  and  the  process  building  is  disrupted,  the  local  relay 
monitoring  system  will  take  that  line  to  a safe  condition  and  take 
required  emergency  action.  All  process  instrumentation  is  rated 
for  use  in  the  area  and  will  fail  safe  in  the  event  of  loss  of  power 
and/or  instrument  air. 

The  VAAP  system  is  designed  with  a complete,  dedicated  panel  for 
each  facility  under  its  control  in  addition  to  the  operator  consoles 
for  computer  operation.  Upon  complete  lor-s  of  the  computer  control 
system,  the  complex  can  be  operated  from  these  line  control  panels. 

A.ny  or  . 11  facilities  can  be  taken  off  computer  control  and  operated 
in  the  manual  or  analog  control  state. 

Our  control  system  is  supplemented  by  a closed  circuit  television 
monitoring  system  with  voice  communication.  This  enables  tne  remote 
operator  to  monitor  the  action  of  any  personnel  in  the  area  during 
operation.  Personnel  making  periodic  inspection  of  the  area  are 
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equipped  with  a two-way,  low-powered  radio  unit  for  instant  communi- 
cation with  the  remote  operator.  These  personnel  can  leave  the  area 
in  an  emergency  while  the  remote  operator  copes  with  the  situation 
without  fear  of  his  personal  safety. 

In  our  system,  all  required  communications  between  operator  and  the 
system  have  been  minimized.  Interactions  between  the  sequence  logic 
and  the  process  control  is  handled  automatically  by  programs  on  a 
time-shared  basis  within  the  system.  Integration  of  the  sequence 
logic  and  process  control  is  one  of  the  more  interesting  and  vuique 
features  of  the  system. 

Tne  CIL  TNT  process  is  continuous  during  normal  operations,  but  must 
be  considered  a batch  type  process  during  the  startup  and  shutdown 
stages.  In  performing  these  operations,  control  software  has  been 
developed  to  start  and  stop  operations  and  monitor  control  and  pro- 
cessing activities  in  a pre-determined,  sequential  order.  Control 
functions  involve  opening  and  closing  valves,  starting  and  stopping 
pumps  and  motors  and  manipulating  the  set  points  of  control  loops 
which  are  implemented  by  direct  digital  control.  Sequential  control 
functions  are  executed  at  fixed  intervals  of  time  urder  control  of 
a sequential  executive  program. 

The  program  enforces  control  by  checking  to  see  that  each  specific 
action  has  been  completed.  If  specific  actions  are  now  completed, 
the  computer  takes  immediate  action  based  on  information  in  the 
program.  The  action  may  simply  be  halting  all  further  action  and 
printing  an  alarm  message  or  it  may  be  as  complex  as  entering  an 
entirely  new  sequence  of  steps. 

This  capability  insures  immediate  response  to  dangerous  conditions 
and  reduces  potential  hazards.  We  take  full  advantage  of  this  feature 
and  through  it  have  been  able  to  attain  safe  operation  and  total  auto- 
mation of  the  processing  area. 

Production  and  Maintenance  at  VAAP  were  encouraged  by  the  DDC 
engineering  team  to  participate  in  design  and  implementation 
of  DDC.  The  result  has  been  a united  determination  to  achieve 
success.  It  eliminated  the  problem  of  human  operators  accepting 
a "humanless"  system. 

When  everyday  operators  gain  confidence  and  begin  to  show  pride 
in  their  work,  you  know  you  have  a reliable,  safe  system. 


This  description  of  our  system  shows  one  application  of  how  digital 
computers  can  be  used  to  achieve  safe  operation  and  total  automation 
of  an  explosive  facility.  There  are  many  other  computer  configura- 
tions that  can  be  designed  for  process  control  in  our  industry. 

They  can  achieve  the  degree  of  safety  and  automation  desired  by 
the  user. 

Only  the  user  can  determine  whet  is  best  for  him.  For  those  con- 
templating a computer  project  for  process  control,  I would  recommend 
first  a review  of  the  systems  available  as  a first  step  in  any  such 
project  for  a new  or  an  existing  facility. 


THE  "MINUTE  MELTER" 

Mr.  J.  M.  Sirls 

Martin  Marietta  Aluminum  Sales  Inc. 

Milan  Army  Ammunition  Plant,  Tenn 

The  "Minute  Melter"  ia  an  entirely  new  method  of  melting  explosives  in 
preparation  for  cast  loading  ammunition. 

The  prototype  system  has  been  developed  at  Milan  Army  Ammunition  Plant  over 
the  past  five  (5)  years  by  the  contracting  operator,  Martin  Marietta  Aluminum 
Sales  Inc.  in  connection  with  the  Army  Ammunition  Production  Base  Modernization 
and  Expansion  Program. 

The  prime  objective  in  the  development  of  this  new  explosive  melting  principle 
was  to  reduce  the  quantity  of  explosive  involved  in  a conventional  explosive 
melting  system  and  still  maintain  adequate  melting  capacity  for  a typical  LAP 
production  line. 

This  prime  objective  has  certainly  been  accomplished  in  the  prototype  system 
plus  many  other  improvements  over  the  conventional  melting  system. 

The  new  and  basic  principle  involved  is  the  melting  of  the  explosive  with  15 
PSIG  saturated  steam  @ 250°  F.  in  direct  contact  with  che  explosive. 

The  complete  process  is  divided  into  two  (2)  par's,  melting  of  the  explosive 
and  the  conditioning  of  the  molten  explosive. 

The  melting  unit  is  capable  of  melting  all  new  flake  Composition  "B",  all 
Composition  ' B"  riser  scrap  or  a combination  of  the  two  simultaneously . 

The  actual  melting  of  the  explosive  is  continuous  with  intermitten-;  batch 
charging  and  intermittent  batch  draw  off. 

The  melting  unit  consists  of  an  outer  fixed  steam  jacketed  drum,  an  inner  rotary 
dium,  a riser  scrap  interlock  hopper  and  a flake  interlock  hopper. 
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The  outer  fixed  drum  is  kept  pressurized  with  IS  PSIC  process  steam,  the 
Inner  drum  which  handles  the  explosive  is  suspended  on  the  end  of  a shaft  that 
passes  through  a steam  seal  in  the  outer  drum.  The  melting  unit  is  tilted 
back  at  a 45°  angle.  An  opening  in  the  front  of  the  inner  drum  permits  charging 
the  unit  with  solid  explosive  through  the  interlocx  hoppers  and  drawing  off 
the  molten  explosive  while  the  drum  is  rotating. 

The  inner  drum  is  42  inches  in  diameter,  18  inches  deep  and  has  two  (2)  compart- 
ments separated  by  a partition  perforated  with  1/4  inch  holes. 

The  front  compartment,  which  handles  the  solid  explosive  while  it  is  being 
melted,  is  14  inches  deep  and  the  back  compartment  into  which  the  molten  ex- 
plosive flows  is  4 Inches  deep. 

A 4 1/2  indi  diameter  sleeve  detachably  attached  to  the  perforated  partition 
protects  a fixed  draw  off  line  and  a mechanical  level  sensing  device  passing 
through  the  front  compartment  into  the  back  compartment. 

There  are  no  fixed  components  in  the  front  or  melting  compartment  to  create  a 
pinch  point  while  the  explosive  is  in  a solid  state. 

A special  baffle  arrangement  in  the  front  compartment  provides  thorough  agita- 
tion of  the  flake  and  riser  scrap  during  and  after  melting. 

Charging  the  melting  unit  with  solid  explosive  to  be  melted  and  drawing  off 
molten  explosive  can  and  often  takes  place  simultaneously. 

Drawing  off  a batch  of  molten  explosive  from  the  melting  unit  into  the  condition- 
ing units  Is  accomplished  by  opening  a diaphragm  valve  in  a draw  off  line 
connecting  the  two  units. 
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The  inner  drum  of  the  aelting  unit  continues  to  rotate  during  the  draw  off 
cycle,  The  process  steam  pressure  (15  PSIG)  acting  on  the  molten  explosive 
in  the  aelting  unit  forces  the  explosive  up  the  draw  off  line  and  into  the 
conditioning  unit. 

A high  and  low  level  mechanical  sensor  senses  the  dynamic  level  of  the  molten 
explosive  in  the  back  compartment  of  the  inner  drum  and  provides  a signal  in- 
dicating when  to  open  and  close  the  draw  off  valve  during  a draw  off  cycle. 

Two  (2)  final  conditioning  units  are  required  in  a system  to  condition  the  molten 
explosive  at  the  rate  the  melting  unit  will  melt  the  explosive. 

The  two  (2)  conditioning  units  in  the  prototype  system  will  handle  batch  sizes 
of  approximately  175  pounds  or  approximately  13.4  gallons. 

The  final  conditioning  units  are  similar  to  the  melting  unit  in  that  they  have 
an  outer  fixed  drum  and  an  inner  rotating  drum  that  handles  the  molten  explosive 
and  are  approximately  the  aame  overall  size. 

The  inner  drum  is  also  steam  jacketed  and  suspended  on  the  end  of  a shaft  that 
paaaea  through  a seal  in  back  of  the  outer  drum.  An  eight  inch  (8")  opening  in 
the  front  of  the  inner  drum  permits  filling  and  drawing  off  the  molten  explosive. 

The  molten  explosive,  as  it  is  drawn  off  from  the  melting  unit,  is  approximately 
230°  F.  and  is  a mixture  of  molten  explosive  and  water  or  condensate. 

Approximately  9.5  poinds  of  condensate  is  generated  in  melting  175  pounds  of 
explosive.  This  will  very  somewhat  depending  on  the  temperature  of  the  solid 
explosive  going  into  the  melting  unit. 
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In  conditioning  a batch  of  explosive  the  following  three  (3)  things  are 
accomplished: 

1.  The  condensate  or  watev  is  vaporized  to  a level  below  0.25Z. 

2.  The  temperature  of  the  zulten  explosive  is  lowered  to  the  desired 
pouring  cr  cast  loadxng  temperature  of  approximately  135°  F. 

3.  The  explosive  is  deaerated. 

A batch  of  molten  explosive  Is  drawn  off  from  the  melting  unit  and  conditioned 
In  the  following  manner: 

The  preaaure  in  the  conditioning  unit  prior  to  opening  the  draw  off  valve  is 
approximately  twenty-five  inches  (25  Hg)  of  mercury. 

Upon  a signal  from  the  high  level  sensor  in  the  melting  unit  the  draw  off  valve 
la  opened.  As  the  molten  explosive  and  condensate  (water)  flows  from  the  melt- 
ing unit  into  the  conditioning  unit  rapid  vaporization  of  the  condensate  takes 
place  due  to  the  pressure  differential-  The  cooling  effect  of  the  rapid  vapori- 
zation of  the  condensate  during  draw  off  lowers  the  temperature  of  the  explosive 
to  approximately  195°  F. 

The  draw  off  valve  la  closed  by  a signal  from  the  low  level  aenaor  in  the  melt- 
ing unit. 

The  final  conditioning  cycle  is  completely  automated  and  is  controlled  by  a 
modified  two  pin  recorder  which  records  and  controls  pressure  and  temperature 
of  explosive  during  the  conditioning  cycle. 

Acceptance  la  baaed  on  the  rate  of  temperature  drop  during  a certain  time  period 
while  the  preaaure  (vacuum)  and  temperature  are  within  certain  limits. 
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During  the  conditioning  cycle  the  explosive  Is  completely  deaerated  by  the 

high,  vacuun. 

Tie  prototype  system  has  recently  been  relocated  from  the  developmental  area 
to  a convex  Jonal  melt  building  on  a melt-load  line  at  Milan  AAP  where  it  is 
currently  being  operated  and  debugged  under  actual  production  conditions. 

Various  parameters  such  as  the  maximum  melting  capacity  of  all  flake  Comp.  "B", 
the  capacity  for  all  riser  scrap  Comp.  ”B"  and  the  utilities  requirements  and 
usage  will  be  determined  during  this  final  run-in  period. 

The  system  is  currently  being  operated  by  semi-automatic  controls  but  will 
eventually  be  completely  automated  and  operated  by  remote  control  in  the  present 
location.  This  will  i elude  automated  supply  of  new  flake  Comp.  "B"  and  riser 
scrap  to  the  system. 

The  system  i&  currently  being  operated  at  a production  rate  of  20C0  81MM  Mortars 
per  hour,  which  is  approximately  6000  pounds  per  hour  combination  riser  scrap 

and  new  flake. 

In  e building  designed  to  house  this  system  with  substantial  dividing  walls 
separating  the  three  (3)  explosive  processing  units,  the  maximum  concentration 
of  explosive  in  the  system  could  be  as  low  as  400  pounds. 

The  concentration  of  explosive  in  a typical  conventional  melting  system  with 
comparable  melting  capacity  is  approximately  15,000  pounds. 
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HIGH  PRESSURE  WATER  WASHOUT  AS  TESTED 
ON  COMP  A-3  LOADED  5"  PROJECTILES 


Mr.  L.  L.  Leonard 
Naval  Sea  Systems  Command  (NAPEC) 
Naval  Ammunition  Depot 
Crane,  Indiana 


ABSTRACT 

High  Pressure  Water  Washout  as  Tested  on  Comp  A-3  Loaded  5"  Projectiles 


i 

This  report  deals  with  the  high  pressure  water  washout  of  Comp  A-3  j 

loaded  5"  projectiles.  Tests  were  conducted  at  Building  146  by 

NAVSEA/NAPEC  at  NAD  Crane  to  determine  if  high  pressure  water  (9000  psi g ) 

could  be  used  to  remove  Comp  A-3  safely  and  economically  from  5"  projectiles 

for  download!" ng/dernil  operations.  Included  in  the  reports  are  problems 

encountered  and  results  obtained  from  testing  to  yield  a total  washout  \ 

system  which  includes  explosive  recovery  and  process  water  recirculation.  | 

i 
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VII.  PROCESS  WATER  RECIRCULATION  AND  EXPLOSIVE  RECLAMATION 

A.  FILTRATION  EQUIPMENT  RECOMMENDED 

1.  BAUER  HYDRASI EVE 

2.  TWIN  PRESSURE  BAG  FILTERS 

B.  RATIONALE  USED  IN  SELECTION  OF  EQUIPMENT 
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LIST  OF  VISUAL  AIDS 


LIST  OF  VISUAL  AIDS 

DESCRIPTION 

SKETCH  (CUTAWAY)  SHOWING  5738  AND  5754  PROJECTILES 

MODIFIED  CONTOUR  LATHE  WITH  OPERATOR  IN  POSITION 

HIGH  PRESSURE  WATER  PUMP 

SET  UP  SHOWING  NOZZLE  SPRAY  UNDER  PRESSURE 

FOOT  CONTROL  FOR  HIGH  PRESSURE  PUMP 

FILTRATION  DEVICE  USED  FOR  TESTING 

NOZZLE  #1  USED  BY  ORDNANCE  DEPARTMENT 

SPIN  RATE  AND  TIME  VARIATIONS  USED  IN  TESTING 

TYPICAL  CROSS  SECTION  OF  A PROJECTILE  AFTER  FIRST 

INCREMENT  OF  TESTING 

NOZZLE  #2  DESIGNED  BY  NAPEC  FOR  FINAL  CLEAN-UP  OPERATION 

NOZZLE  #3  DESIGNED  BY  NAPEC  FOR  FINAL  CLEAN-UP  OPERATION 

NOZZLE  #4  DESIGNED  BY  NAPEC  TO  BORE  HOLE  AND  CLEAN  BASE 
NOZZLE  #5  DESIGNED  BY  NAPEC  FOR  FINAL  CLEAN-UP  OPERATION 

NOZZLE  #6  DESIGNED  BY  NAPEC  FOR  FINAL  CLEAN-UP  OPERATION 

BAUER  HYDRAS I EVE  AND  TWIN  BAG  FILTERS 
SIEVE  ANALYSIS  BY  WEIGHT  OF  COMP  A-3  EFFLUENT 
EXPLOSIVE  D EFFLUENT  ANALYSIS 


HIGH  PRESSURE  WATER  WASHOUT 
AS  TESTED  ON  5"  COT  A-3 
IMED  PROJECTILES 

This  presentation  will  describe  a project  recently  completed  by  the 
Naval  Sea  Sytems  Cowiand/Naval  ^munition  Production  Engineering 
Center  at  NAD  Crane.  Indiana.  The  project  formed  the  basis  for  a 
NEW  PROCESS/ME fHOD  TO  REMOVE  COMP  A-3  FROM  5"  PROJECTILES.  THE 
process  Also  includes  the  reclamation  of  explosive  AND  PROCESS 
WATER  RECIRCULATION. 

The  TESTING  WAS  CONDUCTED  FROM  FEBRUARY  1974  TO  AUGUST  1974 , 

Early  testing  of  washout  on  Comp  A-3  yeilded  few  results  and  in 
May  of  1974  a meeting  was  held  between  NAPEC  and  the  Ordnance 
Department  at  NAD  Crane.  The  meeting  "set  the  stage"  for  further 

TESTING  ON  HIGH  PRESSURE  WASHOUT  OF  COMP  A-3  LOADED  5"  PROJECTILES. 
THE  PROJECTILES  UNDER  CONSIDERATION  AT  THAT  TIME  WERE  5738  AND 
5754  PROJECTILES  AS  CAN  BE  SEEN  FROM  THE  FIRST  SLIDE, 

This  presentation  will  concern  the  attempt  for  total  washout  of 
Comp  A-3  loaded  5"  projectiles  in  a safe  and  economic  manner.  The 
equipment  used  in  testing  can  be  seen  in  the  next  five  SLIDES: 
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1.  Modified  Contour  Lathe  with  Operator  in  Position 

2.  High  Pressure  Water  Pump 

3.  Set-Up  showing  nozzle  spray  under  pressure 

4.  Foot  control  for  pih> 

5.  Filtration 

The  spin  device  used  to  rotate  the  projectile  is  an  old  contour 
lathe  with  a manual  rack  and  pinion  feed.  The  pump  unit  was  rented 
from  American  Water  Blaster  and  is  capable  of  passing  20  gpm  at 
10,000  psig.  Filtration  is  accomplished  by  the  use  of  a burlap  bag 
inside  a 55  gallon  barrel.  The  larger  chunks  of  explosive  are 
removed  by  an  aluminum  bucket  with  a heavy  mesh  screen  in  the  bottom. 
From  the  55  gallon  barrel,  the  effluent  goes  to  a sump  for  sedimentation 

AND  REGULAR  CLEANING  OF  THE  SUMP  IS  NECESSARY. 

Al  THE  PRESENT  TIME  THERE  ARE  NO  ACTIVITIES  WITH  THE  CAPABILITY  OF 
TOT/1,  WASHOUT  OF  COMP  A-3  FROM  PROJECTILE  BODIES.  THE  PRESENT  METHODS 
OF  REMOVING  COMP  A-3  FROM  5"  PROJECTILES  ARE: 

1.  CONTROUR  DRILL  AND  WASHOUT 

2.  Contour  drill  and  flashout  (Burn) 

It  IS  GENERALLY  THE  OPINION  THAT  CONTOUR  DRILLING  IS  INHERENTLY  A 
HAZARDOUS  OPERATION.  ALSO  DURING  FLASHOUT  OPERATIONS,  THE  NOSE  AREA 
OF  THF  PROJECTILE  REACHES  NEARLY  190CP  F,  THIS  TEMPERATURE  IS  CAPABLE 
OF  ALTERING  THE  METALLIC  PROPERTIES  OF  THE  PROJECTILE.  ALSO,  A TIME 
CONSUMING  CLEAN-UP  OPERATION  IS  REQUIRED  TO  REMOVE  RESIDUE  FROM  THE 
NOSE  THREAD  AREA. 
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The  main  objective  was  to  determine  if  high  pressure  water  washout 
COULD  BE  USED  TO  REMOVE  COMP  A-3  FROM  5"  PROJECTILES  IN  A SAFER  AND 
MORE  ECONOMIC  MANNER  THAN  THE  PRESENT  METHODS  MENTIONED  PREVIOUSLY, 

The  major  problem  encountered  in  the  initial  testing  was  excessive 

CHUNK  SIZES  WHICH  COULD  NOT  EXCAPE  FROM  THE  PROJECTILE  NOSE  AREA. 

Based  on  these  findings  and  nozzle  designs,  nozzle  tfl  was  chosen 
to  begin  testing,  The  nozzle  is  shown  in  the  next  slide.  5738 

PROJECTILES  WERE  TESTED  FIRST  DUE  TO  THE  LARGER  QUANTITY  OF  HAND 
FOR  DISPOSAL.  NOZZLE  ft 1 Wiu_  GIVE  A ROUGH  HOLE  THROUGH  THE 
CENTER  OF  THE  5"/38  PROJECTILE,  BUT  KILL  NOT  RE^kjVE  THE  EXPLOSIVE 
ALC»G  THE  SIDEWALLS  AND  AROUND  THE  BASE  AREA.  THE  NOZZLE  WOJLD 
BORE  A HOLE  APPROXIMATELY  2 1/2  INCHES  IN  DIAMETER  THROUGH  Tr,i' 
PROJECTILE  TO  WITHIN  APPROXIMATELY  1/2  INCH  FROM  THE  BASE  AND  I ROM 
THIS  POINT  WOULD  BORE  A HOLE  THROUGH  TO  THE  BASE  APPROXIMATELY  1 INCH 

in  diameter,  Variation  of  lace  feed  rate  and  projectile  spin  rate 

RESULTS)  IN  DIFFERENT  MOLE  SIZES  AND  VARY THG  DEGREES  OF  HOLE  ROUGHNESS. 

Using  seven  different  spin  rates  and  five  time  variations,  a total 
of  35  test  specimens  were  obtained,  The  spin  rates  and  times  are 

SHOWN  IN  THE  NEXT  SLIDE,  REPEATABILITY  TESTS  WERE  RUN  AND  35  MORE 
5Y38  PROJECTILES  WERE  OBTAINED  WHICH  GAVE  WO  5738  PROJECTILES  FOR 
EACH  LANCE  FEED  RATE  AND  TIME  INCREMENT.  THE  NEXT  SLIDE  SHOWS  A 
TYPICAL  CROSS  SECTION  OF  THE  PROJECTILES  AFTER  THIS  FIRST  INCREMENT 
OF  TESTING, 
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It  was  realized  that  nozzle  #1  WAS  not  suitable  to  remove  the  remaining 

PORTION  OF  THE  EXPLOSIVE  DUE  TO  RESULTS  OBTAINED  BY  THE  ORDNANCE  DEPART- 
MENT, Therefore,  NAPEC  would  have  to  design  a nozzle  that  would  satis- 
factorily REMOVE  THE  REMAINING  PORTION  OF  EXPLOSIVE  ALONG  T>£  SIDE  WALLS 
AND  AROUND  THE  BASE, 

WklLE  AN  OPTIMUM  NOZZLE  DESIGN  WOULD  REQUIRE  ONLY  ONE  NOZZLE  TO 
REMOVE  ALL  THE  EXPLOSIVE,  IT  WAS  MORE  FEASIBLE  TO  TEST  IN  TWO  STAGES. 

(Obtain  a rough  hole  and  then  clean  up  the  remaining  explosive,)  This 

WOULD  SIMPLIFY  NOZZLE  DESIGN  FOR  TESTING  AND  A FUTURE  NOZZLE  DESIGN 
COULD  INCORPORATE  BOTH  NOZZLE  DESIGNS  FOR  A SINGLE  WASHOUT  NOZZLE. 

Also,  the  output  of  the  pump  unit  used  in  testing  (20  gpm  at  10,000  psig) 

RESTRICTED  THE  USE  OF  ONE  NOZZLE  FOR  TOTAL  WASHOUT.  It  WAS  FELT  THAT 
THE  VOLUME  OF  WATER  AND  VELOCITIES  REQUIRED  FOR  WASHOUT  COULD  NOT  BE 
OBTAINED  USING  ONE  NOZZLE  WITH  THE  EXISTING  PUMP  UNIT. 

At  THIS  POINT,  NOZZLE  til  was  DESIGNED  to  remove  the  remaining  EXPLOSIVE 
WHICH  NOZZLE  til  FAILED  TO  WASHOUT.  NOZZLE  til  IS  SHOW  IN  THE  NEXT 

slide,  Since  only  two  samples  of  each  test  performed  in  the  initial 

TESTS  USING  NOZZLE  til  WERE  AVAILABLE  FOR  CLEAN  UP  TESTING,  A CORRECT/ 
SATISFACTORY  COMBINATION  OF  LANCE  FEED  RATE,  TIME,  PROJECTILE  RPM,  AND 
NUMBER  OF  RECIPROCATIONS  NEEDED  TO  BE  DETERMINED.  If  THIS  WAS  NOT 
DONE,  THE  NUMBER  OF  PROJECTILES  REQUIRED  IN  THE  FIRST  OPERATION  (ROUGHING 
A HOLE  THROUGH  THE  PROJECTILE)  WOULD  BE  TOO  TIME  CONSUMING.  THEREFORE, 

A VISUAL  INSPECTION  OF  THE  7^  PROJECTILES  RUN  IN  THE  FIRST  SERIES  OF 
TESTS  WAS  MADE,  AND  IT  APPEARED  THE  BEST  HOLE  WAS  OBTAINED  AT  150  RPM 
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WITH  A LANCE  FEED  RATE  OF  ONE  MI  NUTS  FOR  5738  PROJECTILES.  RASED 
ON  THIS  FINDING/  SEVERAL  PROJECTILES  WERE  RUN  AT  150  RPM  AND  ONE 
MINUTE  FEED  TO  OBTAIN  A HOLE  THROUGH  THE  COMP  A-3. 

Nozzle  #2  was  then  tested  at  various  spin  rates/  time  variations/ 

PRESSURES/  AND  LANCE  RECIPROCATIONS  TO  REMOVE  THE  REMAINDER  OF  THE 
EXPLOSIVE  IN  THE  PROJECTILE.  A SPIN  RA7P  OF  200  RPM/  A CYOJE  TIME 
OF  ONE  MINUTE/  AND  TWO  LANCE  RECIPROCATIONS  60  SECONDS  IN  AND 
30  SECONDS  OUT)  YIELDED  THE  BLEST  RESULTS.  REPEATABILITY  TESTS  RUN 
AT  THESE  PARAMETERS  INDICATED  THAT  OPERATOR  ERROR  AND  "SLOP"  IN  THE 
RACKFEED  IN  THE  FIXTURE  COULD  ALLOW  FOR  RIBBON-LIKE  BANDS  OF  COMP  A-3 
TO  BE  LEFT  ON  THE  SIDEWALLS.  THIS  WAS  DUE  TO  THE  FACT  THAT  A SMALL 
JUMP  OR  ADVANCE  OF  THE  LANCE  WOULD  NOT  ALLOW  PROPER  TIME  FOR  CLEANING 
IN  A SPECIFIC  AREA.  ALSO  NOZZLE  H2  WOULD  NOT  REMOVE  THE  EXPLOSIVE 
REMAINING  ON  THE  BASE  AREA  OF  THE  PROJECTILES  DJE  TO  THE  PHYSICAL 
LOCATION  OF  THE  FORWARD  ORIFICE. 

I At  THIS  POINT/  IT  WAS  ANTICIPATED  THAT  A DWELL  TIME  AT  THE  BASE  OF  THE 

1 

PROJECTILE  WITH  NOZZLE  #1  WOULD  REMOVE  THE  EXPLOSIVE  FROM  THE  BASE. 

Nozzle  #3  was  then  developed  as  shown  in  the  next  slide,  With  the 

SLOTS  OFFSET/  THIS  WOULD  ELIMINATE  SOME  OF  THE  OPERATOR/MACHINE 
ERROR  WHICH  CAUSED  RIBBONS  OF  EXPLOSIVE  TO  BE  LEFT  ON  THE  SIDEWALLS. 

Upon  testing  it  was  found  that  nozzle  #3  satisfactorily  removed  the 

EXPLOSIVE  FROM  THE  SIDEWALLS,  HOWEVER/  NOZZLE  f 1 TESTED  AT  VARIOUS 
DWELL  TIMES  WOULD  NOT  CLEAN  THE  BASE  AREA  SUFFICIENTLY  AND  ALSO  CAUSED 
EXCESSIVE  CHUNKING  IN  THE  BASE  AREA. 


Nozzle  #4  was  then  designed  to  bore  a hole  through  the  projectile 

AS  WELL  AS  TAKE  CARE  OF  THE  BASE  AREA.  NOZZLE  #4  IS  SHOWN  IN  THE 
NEXT  SLIDT . THIS  NOZZLE  RESULTED  IN  EXCESSIVE  CHUNK  SIZES  WHICH 
STOPPED  THE  OPERATION.  It  EXHIBITED  VERY  POOR  PENETRATION  ABILITY. 

However,  nozzle  #4  was  tried  on  some  test  projectiles  with  only  the 

BASE  AREA  COVERED  BY  EXPLOSIVE.  THE  NOZZLE  SATISFACTORILY  REMOVED 
THE  EXPLOSIVE  REMAINING  AROUND  THE  BASE, 

It  was  then  decided  to  use  NOZZLE  #1  TO  obtain  a hole  through  the 
EXPLOSIVE,  AND  CLEAN  THE  SIDEWALLS  AND  BASE  ON  THE  SECOND  OPERATION. 

Thus  nozzle  #5  was  developed  as  shown  on  the  next  slide,  Nozzle  US 

CAUSED  LARGE  CHUNKING  DUE  TO  THE  FORWARD  SLOT  CONFIGURATION,  THE 
WATER  JET  GOT  BETWEEN  THE  SIDEWALLS  AND  THE  EXPLOSIVE  AND  BROKE 

the  Comp  A-3  out  in  large  chunks.  Also,  ribbon-like  bands  of  explosive 

APPEARED  AT  VARIOUS  LOCATIONS  DUE  TO  THE  SMALL,  IRREGULAR  ADVANCES  OF 
THE  LANCE, 

IT  WAS  THEN  DECIDED  TO  REDUCE  THE  LEAD  ANGLE  OF  THE  FORWARD  ORIFICE 
TO  REDUCE  THE  POSSIBILITY  OF  THE  WATER  JET  FORCING  EXPLOSIVE  FROM  THE 
SIDEWALLS  BEFORE  FINE  CUTTING  COULD  BE  OBTAINED.  THIS  LEAD  TO  THE 
DEVELOPMENT  OF  NOZZLE  #6  AS  SHOWN  IN  THE  NEXT  SLIDE.  THE  LEAD  ANGLE 
OF  THE  FORWARD  ORIFICE  WAS  REDUCED  FROM  20°  TO  5°  , 

Upon  testing,  it  was  found  that  nozzle  #6  satisfactorily  combined 
WITH  NOZZLE  ffl  TO  YIELD  TOTAL  WASHOUT  ON  5738  PROJECTILES,  FHE 
CLEAN-UP  OPERATION  USING  NOZZLE  #6  REQUIRES  A SPIN  RATE  OF  200  RPM 
AND  A ONE  MINUTE  CYCLE  TIME  WITH  TWO  RECIPROCATIONS  (30  SECONDS  IN 
AND  30  SECONDS  OUT) . 
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The  total  washout  tine  for  5'738  prgje^  iles  is  two  minutes, 

CONSISTING  OF  ONE  MINUTE  TO  OBTAIN  A HOLE  THROUGH  THE  PROJECTILE 
AND  ONE  MINUTE  TO  CLEAN  THE  SIDEWALL  AND  BASE  REGIONS, 

From  the  nozzle  configurations  with  various  orifice  sizes  tested  by 
the  Ordnance  Department,  it  was  found  that  approximately^  gpm  was 
required  to  satisfactorily  washout  the  Comp  A-3.  Therefore,  all 

NOZZLES  DESIGNED  AND  TESTED  BY  NAPEC  WERE  DESIGNED  TO  PASS  APPROXIMATELY 
16  GPM  AT  10,OX  PSIG. 

During  testing  of  5738  projectiles,  Wooma  Corporation  sent  a nozzle 

FOR  TESTING  ON  THE  WASHOUT  OF  COMP  A-3,  THE  NOZZLE  WAS  DESIGNED  AT 
6000  PSIG  AND  PASSING  37  GPM,  THE  NOZZLE  DID  NOT  ADAPT  TO  OUR 
SETUP  SINCE  OUR  MAXIMUM  FLOW  WAS  APPROXIMATELY  20  GPM.  THE  MAXIMUM 
PRESSURE  OBTAINED  BY  THE  WOOMA  CORPORATION  NOZZLE  WAS  WO  PS  I AND 
THIS  WAS  NOT  ENOUGH  TO  WASHOUT  THE  EXPLOSIVE. 

5"/38  PROJECTILES  FURNISHED  TO  NAPEC  FOR  WASHOUT  TESTING  WERE  UNSER- 
VICEABLE DUE  TO  UKV  DENSITY,  THE  WASHOUT  METHOD  DESCRIBED  PREVIf'SLY 
WORKS  SUFFICIENTLY  WELL  WITH  THESE  TYPE  EXPLOSIVE  FILLS,  HoWLVhfc,  DURING 
REPEATABILITY  TESTING  TO  PROVE  THE  WASHOUT  METHOD,  SOME  5738  PROJECTILES 
WERE  RECEIVED  THAT  WERE  UNSERVICEABLE  IAJE  TO  CRACKED  FILLS,  THIS  PRE- 
SENTED AN  ENTIRELY  NEW  SITUATION  TO  OBTAIN  TOTAL  WASHOUT,  OBTAINING  A 
HOLE  THROUGH  THE  PROJECTILES  WITH  CRACKED  FILLS  WAS  NO  PROBLEM,  BUT 
CLEANING  THE  SIDEWALL  AND  BASE  AREAS  IN  THE  SAME  MANNER  DESCRIBED 
PREVIOUSLY  CAUSED  CONSIDERABLE  CHUNKING.  As  CAN  BE  SEEN  FROM  THE 
SLIDE,  NOZZLE  #6  HAS  A SLOT  CANTED  & FROM  THE  VERTICAL  TO  REMOVE  THE 
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EXPLOSIVE  FROM  THE  BASE  AREA.  WlTH  PROJECTILES  THAT  HAVE  CRACKED 
FILLS,  THE  LEADING  WATER  JET  GETS  BEHIND  THE  EXPUDS  I VE  ALONG  THE 
PROJECTILE  BODY  AND  CHUNKS  THE  A-3  OFF  THE  SIDEWALLS  WHEREVER  CRACK 
LINES  ARE  LOCATED.  THIS  ALLOWS  NO  WAY  OF  CONTROLLING  CHUNK  SIZES 
BECAUSE  THE  LARGE  SECTIONS  OF  EXPLOSIVE  ARE  FREE  AND  TRYING  TO 
ESCAPE  BEFORE  A SMOOTH  CUT  CAN  BE  OBTAINED. 

To  SOLVE  THIS  PROBLEM,  1>E  CLEAN-UP  NOZZLE  IS  INSERTED  COMPLETELY 
TO  THE  BASE  OF  THE  PROJECTILE  AND  THE  CLEAN-UP  OPERATION  IS  RUN  IN 
REVERSE  (30  SECONDS  OUT  AND  30  SECONDS  IN  FOR  5738  PROJECTILES). 
This  eliminates  the  possibility  of  the  leading  water  jet  getting 

BETWEEN  THE  PROJECTILE  BODY  AND  THE  EXPLOSIVE  ALONG  THE  SIDEWALL 
BEFORE  A FINE  CUTTING  OF  THE  COMP  A-3  CAN  BE  OBTAINED. 

Repeatability  tests  on  5738  projectiles  totaled  85  projectiles 

WASHED  OUT  IN  A SATISFACTORY  AND  SAFE  METHOD.  VISUAL  INSPECTION 

revealed  no  Comp  A-3  present  in  the  5738  frojectile  bodies. 

Upon  completion  of  testing  for  5738  projectiles,  the  washout  setup 
was  tooled  to  handle  5754  Comp  A-3  loaded  projectiles.  Since  5734 

PROJECTILES  ARE  LONGER  THAN  5738  PROJECTILES,  IT  WAS  ANTICIPATED 
A LONGER  WASHOUT  CYCLE  WOULD  BE  REQUIRED.  THE  PROJECTILE  RPM  WAS 
VARIED  AS  WELL  AS  LANCE  FEED  RATE,  AND  IT  WAS  FOUND  THAT  A PET  RATE 
OF  ONE  MINUTE  AND  30  SECONDS  AT  200  RPM  YIELDED  A SATISFACTORY  HOLE 
THROUGH  THE  COMP  A-3,  BASED  ON  THIS,  CLEAN-UP  WITH  NOZZLE  #6  WAS 
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TESTED  AT  ONE  MINUTE  AND  30  SECONDS  AT  200  RPM  CONSISTING  OF  TV© 
RECIPROCATIONS  (45  SECONDS  IN  AND  45  SECONDS  OUT) . THE  PROCEDURE 
SATISFACTORILY  REMOVES  THE  REMAINING  EXPLOSIVE  FROM  THE  SIDEWALL 
AND  BASE  AREAS. 

Thirty-five  5754  Comp  A-3  loaded  projectiles  were  p<jn  for  repeatability 

AND  ALL  PROJECTILES  WERE  SATISFACTORILY  WASHED  OUT.  ALL  5754  PRO- 
JECTILES RUN  WERE  UNSERVICEABLE  DUE  TO  LOW  DENSITY  OF  THE  COMP  A-3 
FILL.  IT  IS  ANTICIPATED  THAT  5754  PROJECTILES  WITH  CRACKED  FILLS 
COULD  BE  HANDLED  IN  THE  SAME  MANNER  AS  5738  PROJECTILES  WITH  CRACKED 
FILLS.  THE  CLEAN  UP  NOZZLE  #6  WOULD  BE  INSERTED  TO  THE  BASE  AND 
WASHOUT  WOULD  BE  STARTED  IN  REVERSE  (45  SECONDS  OUT  AND  45  SECONDS  IN) . 

It  IS  THE  OPINION  THAT  5754  WASHOUT  COULD  BE  ACCOMPLISHED  IN  A 
ONE  MINUTE  AND  TWENTY  SECOND  CYCLE  TIME  FOR  EACH  OPERATION  (OBTAIN 
IJuLt  THEN  CLEAN  SIDEWALL  AND  BASE  AREA),  IF  AN  AUTOMATIC  LANCE  FEED 
WAS  UTILIZED.  ALSO,  5738  WASHOUT  TIME  COULD  ALSO  BE  REDUCED  SLIGHTLY 
WITH  AUTOMATIC  LANCE  FEED  WITH  EXISTING  NOZZLE  CONFIGURATIONS. 

Process  water  recirculation  and  explosive  reclamation  are  highly 

IMPORTANT  FEATURES  OF  THE  FINAL  WASHOUT  SYSTEM.  FILTRATION  EQUIPMENT 
RECOMMENDED  FOR  EXPLOSIVE  RECOVERY  AND  RECIRCULATION  OF  PROCESS  WATER 
AS  SHOWN  IN  THE  NEXT  SLIDE  ARE  A BAUER  HYDRAS I EVE  AND  TWIN  PRESSURE 
BAG  FILTERS.  THE  EXPUDS  I VE  EFFLUENT  WILL  FIRST  BE  INTRODUCED  TO  THE 
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HYDRAS  I EVE,  APPROXIMATELY  95  PERCENT  BY  WEIGHT  OF  THE  EXPLOSIVE 
PARTICLES  WILL  BE  REMOVED  BY  THIS  ROUGH  SCREENING.  CHUNKS  OF  EXPLOSIVE 
LARGE  ENOUGH  TO  BE  REMOVED  BY  THE  HYDRAS I EVE  WILL  PASS  ACROSS  THE  TOP 
OF  THE  SCREEN  AND  BE  COLLECTED  AND  BOXED  FOR  RESALE/REUSE . THE  PROCESS 
WATER  WITH  THE  REMAINING  FINE  PARTICLES  COMP  A~3  SUSPENDED  WILL  PASS 
THROUGH  THE  SCREEN  AND  BE  PUMPED  TO  ONE  OF  THE  TWO  PRESSURE  BAG  FILTERS. 

With  two  bag  filters  in  parallel,  continuous  filtering  can  be  maintained. 

Wkr!  THE  PRESSURE  DROP  (*P)  REACHES  A PRESET  LEVEL  ACROSS  ONE  BAG 
FILTER,  THE  SYSTEM  WILL  SWITCH  TO  THE  OTHER  BAG  FILTER  TO  ENABLE  BAG 
REPLACEMENT/CLEAN  I NG . 

THE  ACCEPTABLE  LEVEL  OF  CONTAMINATION  FOR  PROCESS  WATER  RECIRCULATION 
THROUGH  THE  PUMP  IS  PARTICLE  SIZES  50  MICRON  OR  LESS.  THIS  CAN  BE 
EASILY  OL PAINED  WITH  BAG  FILTERS.  COMP  A"3  IS  NEARLY  INSOLUBLE  IN 
WATER  AT  THE  OPERATING  TEMPERATURE  BETWEEN  70°  F AND  100°  F.  THEREFORE, 
DISSOLVED  SOLIDS  WILL  NOT  CAUSE  ANY  MAJOR  PROBLEMS  IN  FILTRATION  FOR 
RECIRCULATION  OF  PROCESS  WATER  WITH  COMP  A~3  EFFLUENT. 


Effluent  samples  were  sent  to  the  Weapons  Quality  Engineering  Center 

FOR  ANALYSIS.  THE  RESULTS  ARE  SHOWN  IN  THE  NEXT  SLIDE.  THE  SIEVE 


ANALYSIS  BY  WEIGHT  IS! 

Sieve  Opening 
4.76  MM 
3.36  m 
2.38  mm 
2.00  MM 
1,68  w 

Collection  on  pan 


Percent  Collected  by  Weight 
64.12 
9.12 
7.32 
2.52 
4.22 

12.82 
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Also  on  small  effluent  samples,  suspended  solids  passing  through  a 
.45  MICRON  FILTER  WAS  55  PPM  WITH  2 PPM  COLLECTED. 

On  the  original  filtration  design  to  handle  Comp  A-3  washout 

EFFLUENT,  LIQUID  CENTRIFUGAL  SEPARATORS  WERE  CONSIDERED  TO  REMOVE 
SOME  OF  THE  FINER  PARTICLES  OF  EXPLOSIVE  AFTER  THE  HYDRaS I EVE  AND 
ELIMINATE  SOME  OF  THE  HEAVY  CAKING  OF  THE  BAG  FILTER.  HOWEVER,  IT 
IS  CONSIDERED  THAT  THE  HYDRAS I EVE  COLLECTION  EFFICIENCY  WILL  BE  HIGH 
ENOUGH  TO  SHOW  LITTLE  BENEFIT  IN  THE  USE  OF  THE  LIQUID  CENTRIFUGAL 
SEPARATORS.  THIS  WILL  REDUCE  THE  COST  OF  THE  SYSTEM  AND  STILL  ALLOW 
THE  RECIRCULATION  OF  PROCESS  WATER. 

Upon  completion  of  testing  on  Comp  A-3  loaded  5"  projectiles,  washout 
WAS  ATTEMPTED  ON  EXPLOSIVE  D LOADED  5738  PROJECTILES  AND  COMP  A~3 
LOADED  3"/50  PROJECTILES.  USING  NOZZLE  #1  ONLY,  TOTAL  WASHOUT  WAS 
ATTAINED  IN  20  SECONDS  CONSISTING  OF  TEN  SECONDS  IN  AND  TEN  SECONDS 
OUT  OF  THE  3750  PROJECTILES.  A SPIN  RATE  OF  200  RPM  WAS  USED  FOR  THE 
3"/50  tests.  Repeatability  tests  were  run  for  a total  of  30  washed 
our  3750  projectiles, 

While  the  rough  filtration  equipment  described  previously  for  Comp  A-3 

WASHOUT  TESTS  WORKED  SUFFICIENTLY  WELL  WITH  COMP  A-3  EFFLUENT,  EXPLOSIVE  D 
POSED  A PROBLEM  FOR  FILTRATION  DUE  TO  ITS  SOLUBILITY  CHARACTERISTICS. 

Therefore,  prior  to  testing  washout  on  explosive  D loaded  5738  projectiles, 
SEVERAL  55  GALLON  METAL  DRUMS  WERE  OBTAINED  TO  CATCH  ALL  THE  EXPLOSIVE  D 
CONTAMINATED  PROCESS  WATER, 
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WASHOUT  HAS  ATTEMPl'ED  CJ  EXPLOSIVE  D LOADED  5"/38  PROJECTILES  IN 
THE  SAME  MANNER  AS  COMP  A~3  LOADED  5"/38  PROJECTILES  DESCRIBED  PRE- 
VIOUSLY CONSISTING  OF  USING  IJOZZLE  #1  TO  OBTAIN  A HOLE  THROUGH  THE 
EXPLOSIVE  IN  ONE  MINUTE  AND  THEN  THE  USE  OF  NOZZLE  #6  TO  CLEAN  THE 
REMAINING  EXPLOSIVE.  HOWEVER,  IT  WAS  FOUND  THAT  NOZZLE  #1  ALONE  YIELDED 
TOTAL  WASHOUT  IN  THE  ONE  MINUTE  CYCLE.  VARIATION  IN  PROJECTILE  RPM 
AND  LANCE  FEED  RATE  RESULTED  IN  A 30  SECOND  TOTAL  WASHOUT  TIME  WITH  A 
SPIN  RATE  OF  250  RPM.  THE  PRESSURE  REQUIRED  FOR  BOTH  THE  3750 
Comp  A-3  loaded  and  the  explosive  D loaded  5738  projectiles  was  9000  psig. 
A TOTAL  OF  FIVE  5738  EXPLOSIVE  D LOADED  PROJECTILES  WERE  WASHED  OUT 
AT  THESE  PARAMETERS. 

Effluent  samples  of  washout  explosive  D were  sent  to  WQEC  for 
analysis.  The  next  slide  shows  the  analysis  as  follows: 


pH 

7 

Total  dissolved  solids  (IDS) 

1,56% 

Dissolved  explosive  D 

1.39% 

Total  suspended  solids  (TSS) 

.87% 

NOTE:  Remaining  explosive  D settled  out 

At  20P  C,  explosive  D and  water  exhibits  1.1  percent  dissolved  solids. 
The  temperature  rise  of  the  water  due  to  the  use  of  high  pressure 
(approximately  25°  F rise)  could  account  for  the  slight  increase  in 
IDS  in  the  effluent. 
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All  testing  cm  high  pressure  washout  was  conducted  with  the  pro- 
jectiles at  a 15°  washout  angle.  The  final  production  machine  will 

HAVE  THE  CAPABILITY  OF  ELEVATING  THE  PROJECTILE  FROM  HORIZONTAL  TO 
A VERTICAL  POSITION  TO  ENABLE  THE  DETERMINATION  OF  AN  OPTIMUM  WASHOUT  , 

ANGLE.  THE  WASHOUT  SPIN  FIXTURE  WILL  ALSO  BE  OF  MULTISTATION 
CONFIGURATION  (MOST  LIKELY  FOUR  STATIONS/UOCATIONS)  FOR  VERSATILITY. 

; 

Besides  being  used  to  spin  the  projectiles  for  washout.,  one  or  two 

OF  THE  STATIONS  ON  THE  SPIN  FIXTURE  MACHINE  WILL  BE  USED  FOR  DE- 
SENSITIZING any  Comp  A-3  residue  left  in  the  projectile  following 
washout.  The  machine  will  also  be  capable  of  accepting  and  processing  j 

PROJECTILES  AUTOMATICALLY  POSSIBLY  BY  THE  USE  OF  A WA1J(ING  BEAM 

conveyor.  Variable  speed  spin  stations  and  lance  feed  systems  will  ] 

ALSO  BE  DESIGNED  INTO  THE  SPIN  MACHINE  TO  ALLOW  FOR  FUTURE  IMPROVE- 
MENTS IN  THE  WASHOUT  TECHNIQUES. 

IT  IS  REALIZED  THAT  ONLY  THE  SURFACE  HAS  BEEN  "SCRATCHED"  ON  AN  OPTIMUM 
NOZZLE  DESIGN  AND  HIGH  PRESSURE  WASHOUT  OF  COMP  A~3.  THE  METHODOLOGY 
DESCRIBED  IN  THIS  REPORT  WILL  GIVE  THE  NAVY/GOVERNMENT  ANOTHER 
DEMIL/DlSPOSAL  ALTERNATIVE  FOR  PROJECTILES  AND  FURTHER  TESTING  WITH  NEW 
NOZZLE  DESIGNS  IN  THE  FUTURE  WILL  CONTINUALLY  IMPROVE  THE  TECHNIQUES 

! 

PRESENTLY  EMPLOYED  FOR  TOTAL,  WASHOUT  OF  COMP  A-3  LOADED  PROJECTILES. 

| 

i 
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COMP  .A- 3 ANALYSIS 


SIEVE  OPEN8NG 
(mm) 

* COLLECTED  BY 
WESGOT 

4.76 

64.1  8 

3.36 

9.18 

2.33 

7.38 

2.00 

2.5% 

1.68 

4.2  % 

collection  on  pan 

1 

12.3  8 

V4  7 


EXPLOSIVE  D ANALYSIS 


ph 

TOTAL  DISSOLVED  SOLIDS 
DISSOLVED  EXPLOSIVE  V 


1.39 


TOTAL  SUSPENDED  SOLIDS 


NOTE : REMAINING  EXPLOSIVE  D 

SETTLED  OUT 
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BEHAVIOUR  OF  NITROESTFRS  IN  ACID  SOLUTIONS 


Camera  E.  ; Zotti  B. 

Dr.Ing.  M.  Biazzi  S.A.  - Vevey,  Switzerland 

Part  of  this  work  has  been  the  object  of  Dr.  B.  Zotti's  Thesis  at  the 
University  of  Padua,  Italy;  Supervisor  Prof.  G.  Modena. 

This  study  concerning  the  stability  of  Nitric  esters  is  still  at  its  early 
beginning  and  therefore  it  is  not yetpossible  to  reach  a final  conclusion, 
and  it  is  presented  here  as  a short  paper. 

However,  we  believe  that  once  completed,  it  could  be  of  significant  im- 
portance for  the  increase  of  safety  in  the  manufacture  and  storage  of  ni- 
tric esters. 

- As  it  is  well  known, spent  acids  are  obtained  as  by-products  in  the  indus- 
trial production  of  nitric  esters.  They  accumulate  in  large  amounts  and 
constitute  a potential  danger,  because  they  may  give  rise  to  explosive  reac- 
tions. 

In  spite  of  the  fact  that  the  spent  acids  are  stored  under  the  best  condi- 
tions and  with  the  optimal  composition  proposed  to  minimize  the  hazard  of 
violent  decompositions  (1;  2;),  now  and  then  some  reactions  of  this  kind 
still  occur.  As  the  chemical  reactions  on  which  said  explosive  phenomena  are 
based  are  not  known  with  certainty  and  as  this  matter  is  of  a great  impor- 
tance as  far  as  safety  is  concerned,  it  was  decided  to  reconsider  the  pro- 
blem and  to  begin  a complete  study  of  the  system,  hoping  to  single  out  the 
chemical  processes  responsible  of  the  explosive  reactions  and  then  to  tackle 
in  a more  scientific  way  the  problem  of  the  control  of  said  reactions. 

In  the  system  object  of  this  study,  i.e.  in  the  acid  solutions  of  nitric 
esters,  many  reactions  may  occur,  among  which  one  was  repeatedly  expressed 
(3;  4;  5;)  and  is  certainly  present  : the  hydrolysis  of  nitric  esters. 
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As  a matter  of  fact,  the  explosive  behaviour  might  originate  from  : 

a.  an  acceleration  - perhaps,  an  autocatalytic  one  - of  the  hydrolysis  ; 

b.  reactions  characterized  by  the  participation  of  hydrolysis  products  ; 

c.  reactions  completely  independent  of  hydrolysis. 

It  was  considered  advisable  to  begin  this  study  with  a detailed  examination 
of  the  kinetic  characteristics  of  acid  hydrolysis  and  to  select  ethyl  nitra- 
te for  its  simplicity  in  constitution.  In  fact,  the  use  of  more  complex  ni- 
tric esters,  for  instance  glycerol  trinitrate  and  pentaerythritol  tetrani- 
trate  would  have  caused  considerable  difficulties. 

The  hydrolysis  of  the  ethyl  nitrate  has  been  studied  in  aqueous  sulfuric 
acid  solution  from  ION  (3835)  to  24N  (72%)  at  25°C. 

The  reaction  rates  have  been  evaluated  by  the  disappearance  of  the  star- 
ting material,  with  the  aid  of  a gaschromatographic  technique. Among  the 
hydrolysis  products ,we  detected  ethanol,  acetic  aldehyde,  nitric  acid  and 
carbon  dioxide.  Nitrous  acid  is  also  formed.  However,  whereas  ethanol  seems 
to  be  a primary  product,  acetic  aldehyde  appears  in  the  gaschromatogram  only 
after  some  progress  of  the  reaction.  Moreover,  the  ethanol  concentration, 
after  an  initial  rapid  increase,  reaches  a maximum  value  and  decreases  at 
a later  stage  (see  Fig. 1 ) . 

Independent  experiments  showed  that  nitric  acid  in  the  reaction  conditions 
oxidizes  ethanol  to  acetic  aldehyde  with  production  of  nitrous  gases. 

On  the  other  hand,  ethanol  is  not  psterified  by  sulphuric  acid  to  any  signi- 
ficant extent,  even  at  higher  concentrations  of  sulphuric  acid. 
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The  rate  of  hydrolysis  regularly  follows  a first  order  kinetic  equation 
in  all  the  range  of  concentrations  investigated,  and  the  rate  coefficent 
continuously  increases  with  acid  concentration,  as  shown  in  Fig.  2. 

Addition  of  sodium  nitrite,  or  urea  to  destroy  the  nitrous  acid  sponta- 
neously formed,  does  not  affect  the  reaction  rate.  The  overall  results 
indicate  that  the  hydrolysis  of  ethyl,  nitrate  (and  perhaps  of  more  complex 
nitric  esters,  too)  is  a simple  catqlized  reaction  giving  ethanol  and  nitric 
acid. 

These  two  primary  products  then  react  to  give  acetic  aldehyde  and  nitrous 
acid.  Further  oxidative  degradation  of  acetic  aldehyde  is  expected  to  oc- 
cur as  well . 

The  above  results  also  suggest  that  the  hydrolysis  of  nitric  esters  at  ap- 
propriate acid  concentrations  may  be  a very  fast  reaction,  but  by  itself 
cannot  be  responsible  of  explosive  reactions. 

On  the  other  hand,  the  rapid  oxidation  in  these  acid  solutions  of  ethanol 
by  nitric  acid,  let  suggest  that  this  is  the  starting  point  of  the  explosive 
reaction. 

We  hope  that  the  studies  now  in  progress  will  shed  more  light  on  this  pro- 
blem. 
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ON-LINE  CONTINUOUS  INSPECTION  OF  LINKED  AMMUNITION 


by 


C.  S.  Skinner 


Design  and  Development 
A Unit  of  Booz,  Allen  & Hamilton,  Inc. 
8801  East  Pleasant  Valley  Road 
Cleveland,  Ohio  44131 


1.  INTRODUCTION 

Under  the  SCAMP,  Frankford  Arsenal  has  sponsored  two  programs 
to  develop  automated  linking,  inspection,  and  packaging  submodule 
systems  for  7.62mm  and  20mm  small  arms  linked  ammunition.  Within 
each  submodule  are  incorporated  automatic  on-line  continuous  inspection 
operations  for  procured  metallic  links  prior  to  assembly  vith  cartridges, 
and  the  completed  linked  belts  subsequent  to  assembly. 
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2. 


7.62MM  M13  LINK  INSPECTION 


M13  links  as  illustrated  in  Exhibit  I,  are  received  from  various 
vendors  in  a bulk  configuration  and  are  introduced  to  the  Link,  Feed, 
Orient  and  Inspect  Subsystem  by  dumping  fiber  drum  quantities  into 
the  receiving  hopper,  The  links  are  subsequently  distributed  to  eight 
(8)  vibratory  bowl  feeders  for  orientation  and  feeding  as  illustrated  in 
Exhibit  II.  Approximately  sixty  (60)  links  are  stored  on  the  output 
chutes  of  each  bowl  for  release  and  merging  onto  one  (1)  of  two  (2) 
inspection  conveyors.  The  inspection  conveyors  consist  of  a series  of 
individual  pockets  into  which  the  links  are  registered  for  inspection,  as 
illustrated  in  Exhibit  II.  The  conveyors  pass  each  link  e ore  a diode 
array  camera  which  optically  measures  the  inside  diameters  of  the  single 
and  double  loops.  This  is  to  assure  the  link  will  not  jam  subsequent 
processing  equipment.  Subsequent  to  the  dimension  inspection,  the  link 
is  passed  beneath  an  eddy  current  probe  which  senses  the  link  hardness. 
The  hardness  inspection  insures  belt  integrity  after  assembly  where  it  is 
subjected  to  a twenty-five  pount  tension  test.  Should  a link  fail  either  the 
dimension  or  hardness  inspections,  an  air  jet  dislodges  the  link  from  its 
carrier  and  ejects  it  to  a reject  bin,  making  available  only  acceptable 
links  for  further  processing.  This  inspection  process  operates  at  a rate 
of  1200  acceptable  links  per  minute,  using  a design  rate  of  1500  links  per 
minute. 
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7.62MM  LINKED  BELT  INSPECTION 


Subsequent  to  linked  uelt  assembly,  the  assembled  belt  is 
subjected  to  an  inspection  process  to  assure  conformance  to  the  criteiia 
set  forth  in  MIL  STD  644A.  These  include: 

. Proper  Assembly  --  Fall  engagement  of  the  link 
ta  1'  'V  ith  the  cartridge  extractor  groove. 

• Tensile  Strength  --  Withstand  a tensile  load  of  twenty- 

five  pounds  to  insure  belt  integrity. 

. Stretched  Litik  --  Soft  links  which  stretched  during 

the  tensile  test. 

. Frozen  Links  --  Links  whose  single  loops  are  in- 

sufficient in  diameter  preventing  the  assembled 
belt  from  hinging  freely. 

A test  stand,  as  illustrated  in  Exhibit  III,  was  constructed  to 
demonstrate  the  feasibility  of  performing  these  inspections  on  a 
continuous  basis  at  a rate  1200  cartridges  per  minute. 

( 1 ) Tensile  Tect 

The  tensile  test  is  performed  by  the  employment 
of  a dancer  roll  acting  on  the  looped  belt.  The  roll 
subjects  a static  twenty-five  pound  load  on  the  belt 
loop  effecting  the  tension  test  requirement. 
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Proper  Assembly 


An  optical  diode  array  scan  and  proximity 
sensor  are  employed  to  assure  the  link  tab  is 
fully  engaged  with  the  cartridge  extractor  groove. 

( 3 ) Stretched  and  Frozen  Links 

An  additional  diode  array  camera  is  employed 
to  measure  the  pitch  between  cartridges  as  they  are 
fanned  around  a disc.  Excessive  pitch  indicates  a 
stretched  link  and  insufficient  pitch  indicates  a frozen 
link. 

Cartridge -to-link  assemblies  which  do  not  meet  the  inspection 
criteria  are  marked  with  a spray  gun  and  a signal  is  transmitted  to 
the  subsequent  belt  folding  and  separating  operations  where  they  are 
separated  into  either  100-  or  750-  round  lengths  and  folded  for  sub- 
sequent packaging.  Should  a separated  discrete  belt  length  contain  a 
faulty  cartridge-to-link  assembly,  the  belt  is  rejected  for  rework. 

The  spray  mark  aids  in  identifying  the  location  of  the  faulty  Ir  k during 
the  rework  operation. 

4.  20MM  M 14  LINK  INSPECTION 

The  20MM  M14  metallic  links,  illustrated  in  Exhibit  IV,  are 
received  assembled  in  strips  of  ten  (10).  As  with  the  Ml  3 links,  the 
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exhibit  IV 

20MM  MI 4 METALLIC  LINKS 


M14  links  shall  be  inspected  for  inside  diameter  and  hardness.  Rather 


than  disassemble  the  strips  of  ten  (10)  and  inspecting  the  individual 

links,  the  selected  approach  entails  inspecting  the  ten  (10)  links  as  a 

unit.  A go/no-go  contact  approach  has  been  selected  to  assure  the 

proper  inside  dimention  of  the  links  by  sliding  the. strip  of  ten  (10) 

down  ten  (10)  contoured  parallel  rails.  The  strip  of  ten  (10)  is  subsequently 

stretched  with  a specified  tensile  load  to  assure  hardness.  Should  the 

strip  yield  under  tension,  the  strip  is  rejected  and  the  soft  link  is  reworked. 

Likewise,  should  the  strip  not  pass  over  the  contoured  go/no-go  gauge 

rails,  the  strip  is  rejected  as  out  of  dimension,  for  subsequent  rework. 

The  acceptable  strips  of  ten  (10)  links  are  subsequently  automatically 
lin'-ed  into  a continuous  belt  and  led  to  the  linking  subsystem  where  the 
cartridges  are  inserted.  The  nominal  processing  rate  is  600  acceptable 
links  per  minute,  using  a design  rate  of  750  links  per  minute. 

5.  ZOMM  LINKED  BELT  INSPECTION 

Subsequent  to  cartridge  insertion,  the  ZOmm  assembled  belt  is 
subjected  to  an  inspection  process  to  assure  conformance  to  the  criteria 
set  forth  in  MIL  STD  644A.  These  include; 

Proper  Cartridge  Insertion  --  Full  engagement  and 

proper  registration  of  the  cartridge  with  the  links. 


Tension  Teat  --  Withstand  a tensile  load  of  forty 
pounds  without  yielding  the  links. 

Flex  Tests  --  Flex  the  belt  in  both  directions  to 
assure  a free  hinge. 

Twist  Test  --  Twist  the  belt  180  degrees  to  assure 
torsional  flexibility. 

intermix  Ratio  Verification  --  Assure  the  proper 
ratio  and  distribution  of  HE  and  HEI  cartridges. 


The  selected  approach  is  illustrated  in  Exhibit  V and  similar 
in  design  to  the  system  currently  employed  at  the  Lake  City  AAP 
which  operates  at  a peak  of  about  150  cartridges  per  minute.  The 
newly  designed  inspection  subsystem  shall  operate  at  a peak  of  750 
per  minute. 

( 1 ) Proper  Assembly 

The  cartridge  insertion  inspection  is  accomplished 
through  the  employment  of  two  (2)  mechanisms: 


Full  Engagement  --  Full  engagement  of  the 
cartridge  with  the  link  is  determined  by 
gauging  the  overall  thickness  of  the  belt 
using  a skid  shoe  and  switch  arrangement 
as  illustrated  in  Exhibit  VI. 

Proper  Registration  --  Proper  registration  of 
the  cartridge  extractor  groove  with  the  link 
tabs  is  ascertained  with  a photocell  arrangement 
as  illustrated  in  Exhibit  VII. 
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(2)  Tension  Test 

The  forty  pound  tension  test  is  accomplished  by 
passing  the  belt  over  two  sprockets  as  illustrated  in 
Exhibit  VIII.  The  first  is  run  at  a constant  speed  and 
the  second  at  a constant  torque,  thus  applying  a tensile 
load  across  the  section  of  belt  spanning  the  two.  Should 
a link  yield,  two  shaft  encoders  sense  the  change  in 
phase  between  the  two  sprockets  signaling  a faulty  or 
soft  link.  It  is  assumed  that  a link  shall  yield  as  it 
comes  off  the  first  sprocket  and  is  initially  subjected 
to  the  tensile  load.  This  permits  marking  the  faulty 
link  location  with  a spray  device. 

(3 ) Flex  Tests 

The  flex  tests  are  accomplished  by  bottom  looping 
the  belt,  flexing  the  belt  180  degrees  in  each  direction  as 
illustrated  in  Exhibit  IX.  Should  the  link  not  hinge 
freely,  it  shall  bridge  the  bottom  of  the  loop  and 
actuate  a detector  switch. 

(4)  Twist  Test 

The  twist  test  is  accomplished  by  twisting  the 
belt  180  degrees  over  a length  of  twenty  inches  as 
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'llustrated  in  Exhibit  X.  Midway  between  the  input 
and  discharge  sprockets  a profile  gate  is  located  for 
the  projectile  nobe  to  pass.  Should  the  twist  be  non- 
uniform,  the  nose  of  the  projectile  does  not  pass  through 
the  gate  thus  actuating  a detector  switch. 

As  with  the  7.62mm  belts,  the  cartridge -to -link  assemblies 
which  do  net  meet  the  inspection  criteria  are  marked  with  a spray  gun 
and  a signal  is  transmitted  to  the  subsequent  belt  folding  and  separating 
operations  where  they  are  separated  into  100  - round  lengths  and  folded 
for  subsequent  packaging.  Should  a separated  discrete  belt  length  contain 
a faulty  cartridge-to -link  assembly  or  faulty  link,  the  belt  is  rejected 
for  rework.  The  spray  mark  aids  in  identifying  the  location  of  the  faulty 
link  during  the  rework  operation. 
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ENHANCED  SAFETY  IN  MILITARY  SHIPMENTS  OF  HAZARDOUS  MATERIALS 


Mr.  W.  J.  Barns 
Office  of  Hazardous  Materials 
Department  of  Transportation 
Washington,  D„  C. 


Do  we  have  any  ladies  in  the  audience?  No,  I don't  see  any.  Yes, 

I do,  too.  Ladies  and  Gentlemen:  Good  afternoon.  I am  goiug 

to  talk  for  just  a few  minutes  this  afternoon  about  the  trans- 
portation of  hazardous  materials.  Now,  this  is  becoming  a very 
popular  subject  these  days,  not  only  in  Washington  but  through- 
out the  United  States. 

We  had  a report  issued  by  the  General  Accounting  Office  about 
two  years  ago,  after  a rather  exhaustive  investigation,  and  it 
was  highly  critical,  not  only  of  the  Department  of  Transportation 
but  of  shippers  and  carriers  as  well. 

The  news  media,  of  course,  have  played  up  this  subject,  in  particu- 
lar the  air  transportation  of  hazardous  materials.  The  Airline 
Pilots  Association  and  the  unions  of  stewards  and  stewardesses 
have  been  complaining,  about  the  undue  risks  they  have  been  ex- 
posed to  in  passenger  flights  where  radioactive  materials  are 
involved  and  there  has  been  an  attempt  by  the  Airline  Pilots 
Association  to  embargo  all  hazardous  materials  on  passenger- 
carrying aircraft. 

The  fact  that  some  5 million  patients  rely  exclusively  on  radio- 
isotopes for  diagnostic  and  therapeutic  treatments  has  not  swayed 
them  entirely,  1 thinx  they  have,  however;  agreed  that  there  is 
a need  for  certain  types  of  radioisotopes  that  are  related  ex- 
clusively to  medical  treatment  to  be  allowed  to  be  transported 
on  passenger  planes. 

I have  appeared  before  three  or  four  Congressional  committees 
(e.g.,  Mr.  Staggers'  House  Interstate  and  Foreign  Commerce 
Committee,  Jack  Brooks'  Government  Operations  Committee  and 
more  recently  Senator  Hartke.)  Now  these  gentlemen,  and  I 
understate  purposely,  have  been  very  critical  about  the  over- 
all subject  of  hazardous  materials  which,  of  course,  includes 
explosives  although  explosives  transportation  is  not  our  num- 
ber one  problem. 

Other  problems  we  have  are  in  the  regulations  area.  I was 
just  asking  Erskine  to  run  up  to  the  room  and  get  a copy  of 
Title  49.  1 wanted  to  read  about  the  section  which  covers 

military  exemptions  and  asked  him  where  it  was.  Well,  he 
suggested  two  or  three  possible  sections  which  were  net  the 
desired  one.  I finally  found  it  in  Section  173.7. 

If  we  can't  find  it,  how  can  we  expect  you  folks  to  be  able 
to  find  what  is  in  the  regulations?  We  go  through  this  all 


the  time.  If  we  have  five  people  sitting  in  the  office  to 
discuss  a portion  of  the  regulations,  we  might  have  five  dif- 
ferent ideas  as  to  what  they  mean. 

Now,  one  of  the  things  we  are  going  to  try  to  do,  after  some 
60  years  of  regulation  goii  ; back  to  the  Transportation  of 
Explosives  Act  of  i908,  which  basically  was  the  inception  of 
safety  regulations  as  we  know  them  today,  is  to  consolidate  the 
regulations. 

For  over  a period  of  60  years  during  the  tenure  of  the 
Interstate  Commerce  Commission,  I am  frank  to  say,  not  as 
much  could  have  been  done  s should  have  been  done  in  this 
area.  When  the  Department  of  Transportation  came  into  being 
in  1967,  it  had  three  different  titles  of  the  CFR.  One  was 
Title  49,  basically  the  old  ICC  requirements  for  surface 
transportation.  Another  one,  just  as  thick,  was  for  water 
(Title  46)  and  the  third  one  covered  air  shipments  (FAR- 103 
from  Title  14). 

In  Docket  HM-112  we  are  proposing  to  consolidate  for  the  first 
time  the  regulations  in  those  three  titles  into  one  title. 

Title  49,  thus  eliminating  about  800  pages  of  regulations.  If 
this  docket  is  accepted  by  the  public  (the  comment  period 
expires  in  about  two  weeks) , we  plan  to  go  out  with  an  amend- 
ment to  do  just  that  very  thing  — to  consolidate  the  three 
titles  intc  one  title  of  the  Code  of  Federal  Regulations. 

In  the  few  minutes  I am  up  here,  you  are  going  to  hear  me  say 
we  have  done  several  things  for  the  first  time.  This  is  the 
first  time  we  have  attempted  such  a consolidation.  I want  to 
mention  that  about  a year  ago,  for  the  first  time,  we  came  up 
with  a proposed  uniform  labeling  system  which  is  consistent 
with  the  labeling  system  of  the  United  Nations  end  we  are  in 
the  process  of  coming  up,  for  the  first  time,  with  a uniform 
placarding  system. 

Would  you  believe,  for  example,  that  the  placard  for  a rail 
car  is  different  than  it  is  for  a 40-foot  trailer?  If  you 
put  the  40-foot  trailer  on  the  flat  car,  you  must  remove  the 
highway  placard  and  put  the  rail  placard  on.  When  the  trailer 
ia  detrained,  of  course,  you  take  the  rail  placard!  off  and 
you  put  the  highway  placard  back  on. 

Up  until  last  year,  when  we  came  up  with  another  docket,  we 
had  flammable  liquids  defined  seven  different  ways.  Actually, 
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we  had  11  different  definitions  because  in  some  Departments 
they  had  more  than  one  definition  for  the  same  commodity. 

So  now  we  are  in  the  process  in  Docket  HM-102  of  defining  for 
the  first  tiue  uniformly  what  a flammable  liquid  is  and  for 
the  first  time  we  are  going  to  define  a combustible  liquid 
which  hasn't  been  defined  for  transportation  purposes  in  the 
past. 

If  and  when  this  Docket  HM-112  is  approved  and  it  becomes  an 
amendment,  we  then  plan  to  restate  the  regulations.  The  con- 
solidation might  be  called  a recodification.  We  plan  to 
restate  the  regulations  in  simple,  cohesive,  understandable 
language. 

We  already  have  an  index,  for  the  first  time,  which  we  issued 
about  two  years  ago.  It  rather  simplifies  finding  information 
in  the  Title  4v. 

Now  this  is  what  I consider  to  be  number  one  of  a three- 
part  program  — Regulations  — get  those  in  shape  so  you  can 
understand  them. 

The  second  part  of  the  three-part  program  consists  of  training 
and  education.  The  best  regulations  in  the  world,  of  course, 
are  no  good,  if  people  do  not  understand  them.  We  have  almost 
a wholesale  lack  of  understanding  of  the  field. 

Mr.  John  Barnun,  the  Under  Secretary  of  Transportation,  appeared 
before  Mr.  Hartke.  Mr.  Hartke  asked  Mr.  Barnura,  "How  do  you 
evaluate  the  effectiveness  of  the  regulations?"  He  answered 
in  one  word,  "poorly".  He  then  asked  Mr.  Barnum  in  his  opinion 
what  percentage  of  the  people  who  are  subject  to  the  regulations 
are  presently  in  compliance.  He  said  75  percent  — in  noncompliance 
— 75  percent  — and  I share  that  opinion. 

Seventy-five  percent  of  the  people  that  are  out  there  in  the 
real  world  of  hazardous  materials,  we  find,  are  presently  in 
noncompliance  with  the  regulations.  Now  there  are  some,  of 
course,  who  knowingly  violate  the  regulations.  You  know  that 
as  well  as  I do.  They  purposely  misclassify  for  rate  reasons. 

There  are  others,  however,  and  these  are  the  bulk  of  the  people, 
who  just  do  not  know  what  the  regulations  are  because  they  have 
never  heard  of  Title  49. 
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They  are  people  who  think  that  Tariff  6D  of  CAB  (or  IATA)  is 
the  bible  for  air  shipments.  Well,  of  course,  it  is  not.  You 
are  not  in  compliance  in  toto  with  the  DOT  regulations,  if  you 
do  not  look  at  Title  49,  which  is  where  all  the  shipping  and 
container  specifications  are  found. 

So  in  the  last  year  we  have  had  17  one-day  seminars  to  educate 
these  people.  I am  sure  that  some  of  you  have  been  to  these 
seminars  which  have  been  held  around  the  United  States  and  have 
involved  about  2,000  people  — roughly  about  100-200  per 
seminar.  We  cannot  handle  too  many  people  effectively  at  one 
time. 

I don't  have  here  with  me  samples  of  the  650,000  individual 
pieces  of  handout  materials  we  have  distributed.  However, 
these  labeling,  placarding  and  shipper  specification  criteria, 
container  information  and  so  on  are  available  free  of  charge, 
so  there  really  is  no  excuse  for  anyone  not  knowing  what  the 
regulations  are. 

This  year  on  October  2 and  3 in  the  Departmental  Auditorium 
in  Washington,  we  are  going  to  hold  a public  conference  on 
the  air  transportation  of  hazardous  materials  and  we  expect 
that  there  will  be  some  600  to  700  people  in  attendance.  This 
is  an  important  subject  for  those  of  you  who  are  involved  in 
air  transportation,  because  there  are  attempts  being  made  to 
take  all  hazardous  materials  off  passenger-carrying  aircraft. 

Mr.  Barnum,  the  DOT  Under  Secretary,  and  Mr.  Butterfield,  the 
Administrator  of  the  FAA,  will  be  the  two  key  speakers  and 
General  Davis  will  be  in  the  chair.  We  will  have  some  other 
interesting  and  well-qualified  members  of  the  Department  there 
to  answer  any  questions  you  might  have. 

Now  the  third  part  of  this  program  — enforcement  — is  not 
as  complicated  as  it  seems,  if  you  break  it  down  in  this 
fashion.  Enforcement  is  really  where  we  are  weak,  In  fact, 
we  are  not  doing  much  enforcing.  The  Federal  Highway  Adminis- 
tration and  the  Federal  Railroad  Administration  have  no  civil 
forfeiture  authority  today.  So  for  the  first  time  in  a bill 
now  pending  before  the  Congress,  and  it  should  be  in  executive 
session  today,  we  are  seeking  a uniform  civil  forfeiture  penalty 
across-the-board.  The  Coast  Guard  has  it  and  the  FAA  has  it. 

The  average  criminal  fine  today  for  the  FHWA  prosecutions  is 
about.  $160  per  fine.  And  it  takes  about  two  years  to  collect  S 


one.  It  is  a very  frustrating  experience  and  it  really  turns 
you  off  after  a while.  For  example,  consider  one  situation 
in  New  England  in  which  the  company  was  charged  with  several 
violations,  related  to  an  incident,  a fire,  involving  disposable 
cigarette  lighters,  which  were  negotiated  down  to  four  counts 
which  resulted  in  the  district  judge  fining  the  company  a 
total  of  $10.00,  this  after  about  two  years  of  intensive  in- 
vestigative and  prosecutive  work.  This  is  as  much  as  to  say 
do  not  ever  come  back  into  my  court  with  a hazardous  material 
violation.  This  is  the  way  some  of  the  district  courts  are. 

They  have,,  in  their  opinion,  other  more  pressing  and  more 
important  matters  — the  criminal  type  of  indictment. 

So  we  are  taking  the  civil  forfeiture  route.  Since  1908, 
roughly,  the  maximum  fine  imposable  has  been  $1,000,  1-year 
in  jail  or,  if  a fatality  or  injury  is  involved  $10,000  and  10 
years  in  jail. 

This  bill,  which  is  in  Congressional  process,  has  a civil 
forfeiture  penalty  of  $10,000  per  count  for  each  violation, 
with  each  day  of  a violation  a separate  count,  so  it  could 
result  in  a substantial  sum  of  money  but  only  if  the  company 
is  not  complying  with  the  regulations  and  only  if  it  is  done 
on  a knowing  basis. 

It  is  not  our  intent  to  put  anyone  in  jail.  It  is  our  intent 
to  see  that  the  regulations  are  enforced,  and  1 can  assure 
you  that  we  are  going  to  try  just  as  hard  as  we  possibly  can 
t.o  see  that  this  is  done.  But  first,  we  are  going  to  tell  you 
what  the  regulations  are.  We  are  going  to  answer  all  your 
questions.  I think  it  is  only  fair  to  say  that  it  is  not  ask- 
ing too  much  that  you  be  in  compliance  with  the  regulations. 

So  the  enforcement  part  of  this  new  bill  is  a very  important 
one  as  far  as  we  are  concerned. 

This  bill  also  has  a preemptive  provision  for  the  first  time 
and  this  preempts  all  state  regulations,  unless  the  states 
so  certify  to  the  Secretary  of  Transportation  that  the  state's 
regulations  are  equal  to  or  greater  than  the  DOT  regulations 
from  the  safety  standpoint  and  that  on  a continuing  basis  the 
state  can  assure  the  Department  that  the  state  is  in  fact  en- 
forcing the  regulations  for  intra-state  commerce.  There  are 
some  consumer-oriented  provisions  in  the  bill.  For  example, 
citizens  have  the  right  to  petition.  We  do  not  particularly 
care  for  this,  but,  since  it  is  a very  popular  subject,  I 
think  we  will  be  struck  with  citizen  petitions,  citizen  actions 
and  things  of  that  type. 
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However,  by  and  large,  the  bill  is  about  what  we  initially 
sought.  First,  it  gives  us  civil  forfeiture  authority. 

Secondly,  it  removes  the  present  restrictions  on  the  Secretary's 
authority  so  he  can  delegate  this  function  to  whomsoever  he 
chooses  in  the  Department  of  Transportation.  The  third  one 
gives  us  control  of  the  container  manufacturers  which  we  don't 
have  today. 

We  have  been  charged,  by  the  Secretary,  with  the  responsibility 
for  enforcement  of  the  shipper  and  manufacturer  regulations  but 
we  never  got  the  field  staff  or  the  resources  to  do  the  job. 
Notwithstanding,  we  have  had  two  people  in  the  field  since 
1971.  And  the  types  of  violations  they  have  found  are  the 
type  you  would  ordinarily  expect — shipping  papers,  for  example, 
with  no  proper  shipping  name. 

If  you  consider  a paint,  for  example.  Super  Chem  Tone,  that  is 
not  the  name  of  the  item  being  shipped.  The  proper  shipping 
name  is  "Paint".  We  have  a lot  of  that  sort  of  thing.  People 
do  not  understand  that  they  are  supposed  to  use  the  proper 
shipping  name  and  the  proper  classifies tiou.  We  find  in  many 
cases  the  lack  of  wording — e.g.,  no  label  required  on  shipments 
exempt  from  specification  packaging  marking  and  labeling. 

There  are  no  special  permit  numbers  on  shipments  moving  under 
DOT  special  permits  and  this  is  a requirement.  With  respect 
to  the  marking  of  containers,  we  find  that  there  is  no  mark- 
ing in  many  cases  on  the  container  itself. 

I was  up  in  Kennedy  airport  about  two  months  ago  and  inspected 
four  air  carriers  with  about  10  of  the  Kennedy  FAA  people. 

Every  place  we  looked  we  found  violations.  There  was  one 
small  carton  about  this  size  with  a poison  label  on  it,  so 
we  assumed  it  contained  a poison  material  coming  from  over- 
seas. We  asked  the  man  there  what  was  in  the  container.  Well, 
he  did  not  know.  I asked  him  "Why  don't  you  know?"  "it's 
not  marked  on  the  container,"  he  said.  I then  asked  "Where's 
your  shipping  paper?"  He  did  not  have  that.  My  next  question 
was,  "Where  is  the  shipping  paper?"  He  replied,  "that  is  with 
the  freight  forwarder."  Now,  here  was  a Class  B poison  ship- 
ment sitting  on  the  floor  to  move  inland  by  rail  or  by  high- 
way and  he  didn’t  know  what  it  was. 

Now,  IATA  (International  Air  Transport  Association)  does  not 
require  marking  and  we  are  in  the  process  of  changing  that 
situation.  We  are  just  back  from  a meeting  in  Geneva  on  that 
very  subject.  A lot  of  the  IATA  regulations  have  a requ:  ement 
for,  shall  we  say,  a Spec  2D  container  which  is  supposed  to 
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be  analogous  to  one  of  our  containers  and  it  is  not.  So  we 
have  this  problem. 

Let  me  just  say  a few  of  the  things,  then,  that  we  have  found. 

In  the  incident  reports  we  have  a requirement  that  all  carriers 
report  an  incident  involving  the  leakage  of  a container  or  an 
injury  involved  in  the  transportation  of  a hazardous  material. 

We  have  about  14,000  incident  reports  in  our  computer  now  and 
we  can  tell  you  just  about  anything  that  you  need  to  know. 

Not  everything,  but  a lot  you  need  to  know  about  a shipment 
or  type  of  shipment.  For  example,  on  Class  A or  B explosives, 
the  computer  can  tell  us  how  many  incidents  took  place,  what 
caused  the  incident  and  so  on  and  so  forth. 

We  find  a lot  of  improper  blocking  and  bracing  indicated  on  these 
reports.  Now  the  railroads  have  had  for  many  years  the  Bureau 
of  Explosives  blocking  and  bracing  pamphlets.  The  American 
Trucking  Association  does  not  have  a similar  pamphlet.  We 
find  a lot  of  improper  containers.  We  find  the  Spec  21C  con- 
tainers filled  with  various  types  of  explosives,  punctured. 

As  you  may  know,  the  Federal  Railroad  Administration  embargoed 
some  of  those  a while  back. 

What  are  some  recommendations?  Well,  we  suggest  that  you 
carefully  determine  the  hazard  characteristics  of  the  com- 
modity. We  suggest  that  you  analyze  the  transportation 
environment  with  a view  toward  normal  and  accident  conditions. 

We  suggest  that  you  more  carefully  define  the  individual 
responsibilities  of  your  people  and  have  a check  list  of 
operating  procedures.  Of  course,  you  have  many  of  these 
already  in  existence. 

We  are  looking  at  the  subject  of  risk  analysis,  having  spent 
about  $75,000  on  studying  its  possible  application  as  a manage- 
ment tool.  Risk  assessment  does  involve  you  too,  for  example, 
in  phosgene  shipments  and  others  as  well.  We  all  need  to 
hypothesise  what  an  accident  situation  might  be  and  what  might 
be  encountered  in  terms  of  the  environment.,  spills  and  so  on. 

We  suggest  that  you  try  to  avoid  classification  by  analogy  as 
much  as  possible.  This  is  done  a lot.  It  is  an  easy  way, 
but  it  is  not  necessarily  the  right  way,  in  my  opinion.  I 
would  rather  see  you  go  into  it  as  we  do  at  DOT  — an  extensive 
R&D  program  to  come  up  with  the  proper  classification.  Now, 
we  have  others  too,  but  I think,  and  I agree  with  Erskine, 
that  the  real  meat  of  any  good  meeting  is  the  question  and 
answer  period  and  I am  here  now  to  answer  any  questions  you 
may  have. 
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If  I cannot  answer  them  and  if  Erskine  cannot,  we'll  find  some- 
one who  can.  Are  there  any  questions? 

QUESTir 

One  of  your  labels  is  organic  peroxide.  I am  recalling  a little 
accident  down  in  Los  Angeles.  How  come  some  of  these  materials 
are  called  organic  peroxides  when  really  they  are  explosives? 

ANSWER  BY  MR.  BURNS: 

Well,  this  is  a good  question  and  I am  not  going  to  try  to 
avoid  it,  but  Erskine  happens  to  be  the  man  who  is  working  on 
this  particular  subject  at  the  present  time  and  assisting 
"Bill"  Byrd,  who  is  my  Deputy  and  is  the  Chairman  of  the  parent 
committee  of  the  U.N.  working  on  this  topic.  We  are  deeply 
involved  in  this  very  subject.  So  let  me  ask  Erskine  if  he 
would  like  to  answer  that  for  you. 

ANSWER  BY  MR.  HAKTON: 

I think  the  answer  to  that  probably  is  in  the  degree  of 
sensitivity  as  well  as  the  actual  — I do  not  like  to  use  TNT 
equivalency  — effect  of  the  peroxide.  I do  not  dispute  the 
fact  that  you  can  have  the  equivalent  of  an  explosion  with 
certain  peroxides  under  certain  conditions  and  I can't  really 
give  you  the  full  answer  to  that  question. 

COMMENT  FROM  THE  ORIGINAL  QUESTIONER: 

I think  what  they  seem  to  have  is  a sensitivity  to  heat.  Now 
they  were  quoting  over  the  TV  at  that  time  some  tiling  like  127 
to  150  degrees. 

REMARKS  BY  MR.  HART ON : 

You  are  talking  about  the  incident  in  Los  Angeles?  Of  course, 
we  could  get  out  of  that  by  saying  that  it  was  not  in  the  trans- 
portation area  — that  it  was  in  storage.  But  that  does  not 
really  answer  the  question.  That  was  a very  confusing  situa- 
tion. Dr.  Chester  McCloskey,  who  is  President  of  NORAC  Chemical 
and  happens  to  live  out  in  that  irea,  tells  us  that  he  went 
over  to  look  into  it  and  as  of  Jhis  point  they  are  not  sure 
reeliy  what  it  was  that  was  initiated,  what  actually  started 
the  thing,  so  I would  hate  to  second  guess  what  the  investiga- 
tion would  prove. 
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COMMENT  AGAIN  BY  THE  ORIGINAL  QUESTIONER: 
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I think  what  I was  getting  at  is  that  you  have  such  a low1  ignition 
point  or  a low  point  where  the  thing  will  start  to  self -heat, 
if  you  were  to  classify  it  as  an  explosive,  you  couldn't  ship 
it. 

ANSWER  BY  MR.  HARTON: 

Well,  we  are  in  the  process  of  looking  at  the  organic  peroxide 
classification  criteria  as  well  as  the  explosive  criteria  and 
I think  that  those  of  us  who  have  been  looking  into  this  all 
agree  that  under  certain  conditions  so-called  non-explosive 
materials  can  exhibit  the  equivalent  impact  of  what  an  explosive 
material  can.  However,  it  is  not  quite  that  cut  and  dried, 
so  we  must  not  make  a hasty  blanket  judgment.  The  quantity  has 
something  to  do  with  it,  the  degree  of  confinement,  of  course  — 
a number  of  factors  are  involved.  We  are  trying  to  come  up 
with  some  kind  of  a systematic  classification  system  for  all 
the  types  of  reactive  hazardous  materials  which  will  make  sense. 

Of  course,  the  packaging  and  containerization  will  certainly 
be  affected  by  this. 

COMMENT  BY  MR.  BURNS: 

This  is  one  of  our  most  difficult  areas,  incidentally. 

QUESTION: 

Do  you  plan  to  leave  the  HI  labels  on  the  packages  when  they 
go  out  of  the  United  States? 

ANSWER  BY  MR.  BURNS: 


Yes,  we  do. 

QUESTION: 

How  about  the  other  countries,  will  they  accept  them? 

ANSWER  BY  MR.  BURNS: 

Yes,  they  will.  The  HI  labels  are  basically  a counterpart  of 
the  U.N.  labels,  the  only  difference  being  the  insertion  of 
the  HI  number  on  the  label.  We  do  not  anticipate  any  problems 
going  into  countries  outside  the  U.S.,  nor  do  we  anticipate 
any  problems  with  shipments  coming  into  this  country  with  the 
European  labels  which  will  be  basically  the  same  as  ours.  We 
intend  to  accep.  those,  too.  We  are  striving  as  nard  as  we 
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toQuse  Jte1Brlti!hthe  ent  Practicable  harmonisation 

o use  the  British  word,  or  uniformity  in  the  labeling  placard- 
ing and  classification  of  all  hazardous  materials  TrL  ?here 
any  other  questions?  cnere 


Thank  you  very  much 
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Packaging,  Handling,  Stowage,  & Transportation  advances  in  Naval  Ordnance 


Messrs  J.  E.  Kell.ey  and  J.  F.  Latham 
Naval  Weapons  Handling  Laboratory 
Naval  Ammunition  Depot.  Earle.  N.I 


I.  INTRODUCTION:  Accelerated  Training 

A.  NAVSEASYSCOM/DOT-FRA  SEMINARS 


The  film  Titled:  "A  Special  Report"  shown  during  the  General  Session  this 
morning  covered  the  train  burnings  that  occurred  in  Roseville,  California  and  Benson, 
Arizona.  These  railroad  explosions  have  served  to  emphasize  the  threat  to  public 
safety  that  shipment  of  explosives  presents.  Miraculously,  no  deaths  resulted  when 
the  explosions  occurred.  TXiring  the  investigation  of  these  accidents , it  was  found  that 
many  railcars  offered  for  the  transport  of  hazardous  materials  did  not  meet  the  safety 
standards  of  the  Federal  Railroad  Administration  or  those  of  the  Association  of 
American  Railroads.  If  was  also  noted  that  both  military  and  commercial  carrier 
railcar  inspectors  were  not  thoroughly  familiar  with  detailed  technical  railcar  inspec- 
tion requirements  of  the  FRA.  Many  railcar  defects  such  as  breaks  or  defects  in 
railcar  components  were  not  corrected  prior  to  acceptance  for  loading  explosives. 

The  results  oi  the  rail  accidents  at  Roseville  and  Benson  made  it  of  paramount 
importance  that  Navy  railcar  inspectors  perform  their  jobs  properly.  Therefore, 
seminars  sponsored  jointly  by  NAVSEA  (Naval  Sea  Systems  Command,  formerly  the 
Naval  Ordnance  Systems  Command),  FRA  (Federal  Railroad  Administration),  Bureau  of 
Explosives  and  the  Naval  Weapons  Handling  Laboratory  provided  technical  information 
for  Navy  and  commercial  railcar  inspectors  to  better  understand  their  responsibilities 
and  to  increase  their  technical  expertise  relative  to  the  inspection  of  railcars  used  for 
hazardous  materials.  These  seminars  significantly  helped  improve  the  effectiveness  of 
railcar  inspectors  to  promote  safer  shipments  of  hazardous  materials.  The  proper  in- 
spection of  railcars  used  to  transport  hazardous  materials  should  reduce  the  number  of 
railroad  accidents  caused  by  defective  railcars,  and  in  turn,  will  provide  greater  protec- 
tion to  the  public.  In  addition,  it  should  reduce  the  accident  costs  both  to  the  commercial 
industry  and  the  U.S.  Government. 

The  hazards  inherent  in  Class  A and  Class  B explosives  make  it  mandatory 
that  such  material  be  handled,  loaded  and  shipped  in  a manner  that  will  afford  optimum 
protection  to  the  material  and  public.  Similarly,  because  of  the  complex  nature  of 
applicable  regulations,  and  in  consideration  of  the  safety  and  legal  aspects,  it  is  essential 
that  all  personnel  performing  functions  involving  the  inspection  of  railcar  and  motor 
vehicle  equipment  used  to  transport  explosives  be  thoroughly  trained  and  knowledgeable 
of  their  areas  of  responsibilities. 


(Roseville  was  L.  D.  250#  Bomb  Mk  til  on  DODX-Box  Cars) 

(Benson  was  L.  D.  500#  Bomb  Mk  82  on  Commercial  Box  Car  palletized  in 
accordance  with  A.  F.  requirements. ) 
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Persons  designated  to  conduct  railcar  inspections  must  be  well  qualified  and 
able  to  detect  evidence  of  the  existence  of  defects. 


The  seminars  also  included  coverage  for  moto^  vehicle  inspections.  The 
training  program  was  targeted  for  those  personnel  phyeically  responsible  for  the  loading, 
dunnaging  and  the  inspection  of  the  transporting  vehicles.  This  program  also  included 
personnel  from  the  rail  and  motor  carriers. 

The  purpose  and  intent  of  these  seminars  were  to  emphasize  what  to  look  for 
when  inspecting  a carrier's  vehicle.  A second  purpose  was  to  emphasize  the  use  of 
available  documentation  in  either  building  or  inspecting  the  load.  It  was  stressed  that  the 
documentation  should  be  used  to  its  fullest. 

The  attendees  of  the  seminars  were  physically  required  to  inspect  railcars 
(DODX  and  commercial  Box  Car)  and  motor  vehicles  (usually  a Navy  motor  vehicle  and 
two  commercial  vehicles).  The  practical  inspection  included  the  acceptance  or  rejection 
of  the  transporting  vehicle. 

The  seminars  were  held  at  the  Naval  Weapons  Stations  - Seal  Beach,  Yorktown, 
and  Concord,  and  Naval  Ammunition  Depot,  McAlester,  Oklahoma.  Attendance  at  those 
seminars  was  very  gratifying.  These  seminars  were  detailed  and  gave  a complete  run- 
down on  all  aspects  for  rejection  or  acceptance  of  the  carrier's  equipment,  blocking  and 
bracing  (dunnaging)  and  the  paperwork  involved  throughout  the  transporting  process. 

The  following  material  was  presented  during  the  seminars  with  adequate 
graphics  which  depicted  the  cause  for  rejection: 

a.  Floors 

b.  Braking  systems 

c.  Wheels 

d.  Doors 

e.  Brake  shoes 

f.  Couplings  and  5th  wheels 

g.  Spark  shields 

h.  Emergency  kits 

i.  Loading,  blocking  and  bracing 

The  use  of  the  following  approved  documents  (MIL-STDe,  WRs)  was  stressed: 

MIL-STD  1320  - XXXX  Truck  Loading 

MIL-STD  1325  - XXXX  Car  Loading 

MIL-STDs  1322,  23,  24  - Palletizing  (Fleet  Issue  Unit  Loads,  Domestic 
Unit  Loads,  Amphibious  Unit  Loads) 


* 


Usually  after  an  Incident  the  first  thing  done  is  to  see  if  the  documentation 
exists  for  the  material  involved  and  if  it  was  complied  with.  The  Naval  Sea  Systems 
Command  has  a manual  OP  3681  - "Motor  Vehicle  and  Rail  Car  Load  Inspector's  Manual 
for  Ammunition,  Explosives  and  Other  Dangerous  Articles"  first  published  in  1969. 

Several  changes  lave  been  published  since.  Another  manual  OP  2165  - "Navy  Transporta- 
tion Safety  Handbook"  has  been  with  us  a good  many  years. 

B.  NAVSEA's  PLANS  FOR  FISCAL  YEAR  1975. 


The  Naval  Sea  Systems  Command's  transportation  Safety  Office  is  currently 
negotiating  with  the  Department  of  Transportation  Safety  Institute  located  in  Oklahoma 
City.  A formal  training  course  is  being  prepared  jointly  by  COMNAVSEASYSCOM  and 
the  Transportation  Safety  Institute  (DOT)  of  Department  of  Transportation.  The  proposed 
course  will  provide  Navy  and  Marine  Corps  railcar/motor  vehicle  inspectors  with  formal 
in-depth  training  in  the  following  areas: 

a.  Detailed  inspections  of  motor  vehicles  used  for  the  transport  of  explosives. 

b.  Detailed  inspection  of  rail  equipment  used  for  the  transport  of  explosives. 

c.  Railcar  and  motor  vehicle  dunnaging  of  hazardous  cargoes. 

The  training  will  provide  simulated  job  site  conditions  and  problem  situations 
and  applications.  Emphasis  will  be  placed  on  the  requirements  of  OP  3681  and  the  docu- 
mentation and  inspections  necessary  for  the  proper  shipment  of  hazardous  materials. 
Further  information  on  this  special  course  will  be  forthcoming.  The  arrangement  should 
be  completed  and  classes  started  within  the  next  6 months. 

C.  NAD  EARLE/NWHL  CONTINUING  TRAINING  PROGRAM. 

The  Naval  Weapons  Handling  Laboratory  has  a training  program  designed  to 
keep  those  activities  engaged  in  the  handling  and  transporting  of  explosives  informed  in 
the  current  state  of  the  art.  This  course  (1  week)  emphasizes  the  palletizing,  blocking 
and  bracing  of  explosives  for  railcars  and  motor  vehicles  and  is  given  annually  on  the 
East  and  West  Coasts.  This  year  a third  course  will  be  given  in  NAD  Hawthorne.  The 
courses  alert  personnel  to  the  documentation  available  and  its  mandatory  nature,  and 
the  courses  explain  this  documentation  to  assure  that  the  attendees  can  use  them  properly. 
Discussions  bring  out  what  is  actually  going  on  in  the  field  resulting  in  everyone  gi lining 
from  this  cross -knowledge. 

II.  CLASSIFICATION: 

NAVSEA's  Testing  Program  for  Explosive  Items. 

A testing  program  is  being  initiated  at  the  Naval  Weapons  Laboratory  - 
Dahlgren,  Va.  to  determine  whether  or  not  the  packaging  design  for  various  explosive 
items  can  prevent  sympathetic  detonation  between  items  in  the  same  package  or  whether 
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or  not  the  full  energy  release  is  contained  within  the  outside  skipping  container.  Some 
of  the  items  that  will  be  tested  first  are: 

Present 


ITEM 

Net  Expl  Wt  (Lbs) 

Classification 

Fuze,  Time  Mk  84 

.0115 

Class  C 

Fuze,  Grenade  M10  Series 

.004 

Class  C 

Fuze,  Grenade  M204  Series 

.0062 

Class  A 

Fuze,  Bomb,  MT 

.0007 

Class  C 

Fuze,  Bomb,  FMU  Type 

.0007 

Class  C 

Fuze,  Rocket  Nose  PD 

.0051 

Class  A 

Primers,  Mk  34 

.0043 

Class  C 

Primers,  Mk  15 

.0043 

Class  C 

Primers,  Percussion 

.0007 

Class  C 

Fuze,  Mk  312 

.0008 

Class  C 

Bolt.  Explosive,  Mk  2 

.00006 

Class  C 

Cartridge , Delay  Mk  3 

.0034 

Class  C 

Cartridge,  Delay  Ml 

.0001 

Class  C 

Detonation  Simulator  M80 

.0066 

Class  B 

Detonator  Assembly 

. 00022 

Class  A 

After  determining  the  actual  degree  of  hazard  for  these  components , the 
current  hazard  classification  for  the  item  may  be  lowered  for  transportation  and 
storage  purposes,  and  would  result  in  many  thousands  of  dollars  in  savings.  It  would 
result  in  permitting  greater  flexibility  for  shipment  by  additional  modes  of  transport. 

The  tests  are  estimated  to  cost  approximately  $600.00  for  electrically  initiated  items 
and  ai  iroximately  $900.00  for  non -electrically  initiated  items. 

An  example  of  the  savings  by  such  testing,  was  with  the  Fairfield  Scientific 
Corporation,  concerning  a specially  designed  container  the  Army  uses  to  ship  Mk  95 
detonators.  The  container  (Army  drawing  9258182)  with  its  special  inside  insulation 
provides  adequate  protection  to  the  detonators  and  makes  them  nonpropagating. 
Accordingly,  the  hazard  classification  was  lowered  from  a Class  "A"  explosive  to  a 
Class  "C"  explosive.  This  lower  hazard  classification  reduced  the  transportation  cost. 
For  example,  a small  shipment  of  Class  A detonators  moving  from  Yorktown,  Virginia  to 
Dover,  New  Jersey  would  cost  about  $650.00.  As  a Class  C explosive,  it  would  only 
cost  $50. 00.  Quite  an  outstanding  transportation  saving!  There  is  no  doubt  that  the  cost 
of  testing  an  ammunition  component  will  result  in  major  savings  (many  times  more  than 
the  cost  of  the  tests).  The  data  shown  below  proves  the  point  in  question.  Considering 
that  the  average  shipment  of  fuzes  weighs  800  pounds,  the  freight  rates  by  various  modes 
of  transport  between  NAD  Crane  and  WPNSTA  Concord  would  be: 


Rem 


Motor 


Remarks 


Fuze,  Class  A 
Explosive 


Rail 


$546.75  $1,934.34 

(1)  (2) 


Air 

Prohibited  (1) 
$1,430.00* 

(2) 


Rate-$21. 87  cwt 
@ 2500  minimum 
Rate-$32. 00  cwt 
& 7500  minimum 


Fuze,  Class  C 

$134.00 

(1) 

$964. 08 
(2) 

$229. 75** 

(1)  Rate-$14. 24  cwt 

(2)  Rate -$  15. 65  cwt 
6000  minimum  + 3% 

(3)  Rate-$27. 35  cwt 
+ 5% 

Fuze,  Non- 
Regulated 

$134.00 

$964.08 

$229. 75** 

Class  C and  non- 
re  gu  la  ted  have , in 
this  case,  the  same 
freight  rate.  However, 
Class  C is  usually 
rated  a little  higher. 

* Approved  air  tax' 

**  Air  Freight  (Cargo  Planes  only) 


Based  on  the  above  sample,  it  is  quite  evident  that  an  unbelievable  amount  of 
money  could  be  saved  if  adequate  tests  are  made.  As  in  the  ease  cited  above,  based  on 
the  difference  in  freight  rates-  two  shipments  (825. 50  savingB)  would  pay  for  the  costs 
of  the  hazard  tests. 


III.  NAVAL  SEA  SYSTEMS  COMMAND  SAFETY  DOCUMENTATION 


The  Fourth  Revision  to  Volume  One  of  Ordnance  Pamphlet  5,  which  deals  with  the 
handling,  stowing,  production,  renovation  and  shipping  of  ammunition  and  explosives  in 
and  between  shore  establishments,  will  be  available  in  late  October.  This  revision,  in 
addition  to  promulgating  the  manual  under  the  aegis  of  the  new  Naval  Sea  Systems 
Command,  will  offer  to  the  user  an  updated,  better  organized  compilation  of  safety 
regulations.  Redundancy  has  been  almost  totally  eliminated  and  the  reorganized  layout 
of  the  book  will  simplify  its  employment  and  understanding.  Considerable  effort  and  the 
expert  knowledge  and  experience  of  many  users  of  OP  5 has  been  put  into  the  revised 
manual;  however,  it  is  recognized  that  oven  so,  in  an  undertaking  as  wide  sweeping  as 
this  revision  is,  some  areas  inn y well  benefit  from  further  suggested  changes.  To  this 
end,  a continuing  review  and  evaluation  by  every  user  will  be  valuable.  Suggestions  for 
further  changes  should  be  submitted  to  the  Commander,  Naval  Sea  Systems  Command 
(SEA-09B4). 
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OP  44942  (Basic)  Weapons  Systems  Safety  Guidelines  Handbook 


This  manual  has  been  completed,  printed  and  distributed.  Additional  copies  may 
be  requisitioned  through  the  normal  Naval  channels  for  in-house  Navy  activities. 

Copies  have  been  made  available  to  the  Superintendent  of  Documents  for  sale  and  will 
be  available  shortly  to  the  various  contractors  desiring  copies.  A synopsis  of  the  part, 
structure,  the  user  and  NAVSEA's  intent  is  described  below: 

"SYSTEM  SAFETY  TECHNIQUES  APPLIED  TO  ORDNANCE  PRODUCTION" 

The  Naval  Sea  Systems  Command  has  prepared  a four  part  manual  entitled  "Weapon 
System  Safety  Guidelines  Handbook"  (NAVORD  Ordnance  Data  (OD)  44942).  Each  part  is 
designed  for  a different  Navy  user,  but  its  purpose  is  singular  - to  assist  each  user  in 
the  application  of  system  safety  techniques  as  required  by  MIL-STD-882  and  implementing 
Navy  directives.  The  achievement  of  Weapon  System  Safety  through  design  is  intended 
to  preclude  catastrophic  accidents  and  the  need  for  costly  system  re-design  to  assure 
safety.  The  four  parts  of  OD  44942  are  as  follows: 

PART  I "System  Manager's  Guide  to  System  Safety"  - intended  for  Project 

Managers 

PART  II  "System  Safety  Management"  - intended  for  System  Safety  Managers 

PART  III  "System  Safety  Engineering"  - intended  for  System  Safety  Engineers 

PART  IV  "Hazard  Control  for  Explosives  Ordnance  Production"  - intended  for  depot 
Management  and  Engineering  personnel 

Parts  I,  II  and  III  ar*  an  integration  of  the  Navy's  system  Rafety  "know-how"  as 
applied  to  the  actual  weapon  system.  With  the  introduction  of  OSHA  and  Executive  Older 
11612,  and  in  order  to  achieve  greater  safety  at  the  Navy  Depots  and  Weapon  Stations, 
it  was  decided  to  apply  system  safety  techniques  to  ordnance  production  areas.  NAVSEA 
hopes  to  accomplish  this  goal  with  PART  IV. 

As  in  weapon  system  design,  the  design  of  an  ordnance  production  line  is  divided 
into  various  phases.  These  are  as  follows: 

Planning  Phase 
Design  Phase 
Installation  Phase 
Pilot  Production  Phase 
Full  Production  Phase 

A typical  safety  milestone  chart  which  keys  system  safety  tasks  to  the  various 
production  phases  is  shown  in  Figure  3-1  of  the  manual  (PART  IV).  These  milestones 
are  shown  for  the  most  part  in  chronological  order. 
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During  each  phase,  a system  safety  analysis  and  corrective  action  loop  is  used 
to  resolve  safety  problems.  Verification  of  the  analysis  - and  its  attendant  corrective 
action  - may  be  accomplished  by  testing  or  independent  technical  assessmc  . In  general, 
each  phase  can  be  broken  down  into  an  analysis  of  (a)  support  functions  (facilities  and 
utilities)  for  the  depot,  (b)  process  line  hazardous  material,  and  (c)  the  analysis  of  equip- 
ment and  personnel. 

For  example,  during  the  planning  phase  an  Architectural  and  Engineering  (A&E) 
firm  may  be  hired  to  design  a facility  for  bomb  loading.  During  this  stage  either  the  A&E 
or  a Navy  safety  committee  will  "define  the  System"  and  conduct  the  PHA.  From  the  PHA 
will  come  the  system-oriented  safety  requirements  to  be  incorporated  in  the  facility  and 
equipment  specifications.  These  requirements  plus  the  requirements  of  NAVSEA  OP-5, 
OSHA,  EPA,  DOT,  DOD  and  NAVSEA  regulations  are  combined  to  establish  the  overall 
facility,  i.e. , "system  requirements. " 

During  the  conduct  of  the  PHA,  all  areas  of  the  system  are  subjected  to  scrutiny 
to  insure  all  hazards  are  identified;  especially  those  that  interface  with  or  cross  over 
the  responsibility  lines  of  different  depot  support  functions.  High  risk  areas  are  also 
earmarked  for  more  detailed  study  in  subsequent  phases. 

During  the  Design  and  Installation  Phase,  Sub-System  Hazard  Analyses  (SSHA)  are 
to  be  required  on  each  area  or  equipment  found  to  be  a high  risk  by  the  PHA. 

Typically  hazardous  areas  would  include  the  handling  of  bare  explosives , volatile 
and  toxic  materials,  or  where  an  interface  between  personnel  and  heavy  equipment  exists. 
In  general,  the  target  industries  for  OSHA  are  often  the  same  high  risk  areas  which  the 
PHA  singles  out  for  detailed  analysis. 

Sub-System  Hazard  Analyses  are  to  be  prepared  by  the  equipment  or  facilities 
contractor.  The  SSHA  may  be  an  elaborate  Fault  Tree  Analysis  (FTA)  or  a Fault 
Hazards  Analysis  (FIIA). 

When  the  facility  and  equipment  drawing,  the  SSHA,  and  an  updated  PHA  are 
available,  a System  Hazard  Analysis  is  conducted.  At  this  time,  the  Standard  Operating 
Procedures  (SOP)  must  exist..  The  SOP  writers  perform  the  System  Hazard  Analysis. 

The  SHA  may  be  in  a narrative,  columnar  or  Fault  Tree  format.  It  may  also  be  in  the 
form  of  a detailed  updating  of  the  original  PHA. 

An  independent  SHA  is  also  performed  by  tbs  Naval  Ammunition  Production 
Engineering  Center.  With  the  completion  of  these  analyses  a safety  inspection  of  the 
line  Is  conducted  during  a dry  run  using  inert  materials  where  possible. 

During  pilot  line  production,  an  Operating  Hazards  Analysis  (OHA)  is  conducted, 
with  specific  emphasis  placed  on  experience  gained  from  observing  the  man-machine 
interface.  Results  of  the  OHA  are  utilized  to  improve  equipment  and  procedure  safety 
through  design  or  SOP  changes. 
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Before  a tart-up  of  foil  production,  a safety  inspection  by  independent  safety 
observers  is  conducted.  Those  safety  observers  are  obtained  from  the  Naval  Sea 
Systems  Support  Offices  and  K/tPEC.  Upon  satisfactory  completion  of  this  inspection, 
the  full  production  start-up  is  approved. 

During  line  operation,  updates  of  the  OKA  are  required  whenever  any  changes  are 
made  to  the  production  process. 

Through  environmental  studies  and  improved  techniques , the  Navy  is  attempting 
to  protect  the  worker  and  the  environment.  The  Naval  Sea  Systems  Command  is 
presently  r*sv  loving  OSHA  standards  to  insure  that  we  comply  with  or  exceed  the 
standards,  in  Bonus  instances , our  standards  already  exceed  those  of  OSKA.  For  example, 
OSHA  has  adopted  die  American  Table  of  Distances  for  explosives  safe  separation.  The 
Navy  abides  by  the  more  restrictive  DOD  Explosives  Safety  Quantity-Distance  require- 
ments. 


Utilizing  the  Systems  Approach,  in  PART  IV  we  are  attempting  to  resolve  the  conflicts 
by  adopting  the  method  which  best  contributes  to  the  safety  of  the  production  worker  and 
the  public. 


TRANSPORTATION  OF  MILITARY  AMMUNITION  AND  EXPLOSIVES 


•'jmes  H.  Edgerton* 


ABSTRACT 


Transportation  of  military  ammunition  and  explosives  involves  the 
packaging,  storage,  movement,  and  transport  of  these  materials  by  all 
modes  throughout  the  United  States  and  the  world.  The  general  public 
and  trie  people  who  live  and  work  near  the  airways,  highways,  railroads, 
and  waterways  must  be  given  confidence  in  the  safety  during  transport 
of  military  ammunition  and  explosives.  To  implement  the  Department  of 
Transportation  (DOT)  regulations  the  Department  of  Defense  (DOD)  issues 
military  directives  in  the  form  of  regulations,  circulars,  notices, 
manuals,  and  other  publications.  The  Military  Traffic  Management  Command 
(MTMC)  has  respcnsibili ty  for  the  DOD  freight  loss  and  damage  preven- 
tion proqram  and  utilizes  the  Discrepancies  in  Shipment  Report  (DISREP 
Form  361)  as  an  essential  tool  in  the  prevention  program.  However,  DOD 
still  experiences  shipment  discrepancies  resulting  from  inadequate 
blocking,  bracing,  and  tiedown;  rough  handling;  omissions  or  incorrect 
descriptions  on  bills  of  lading;  improper  labeling  and  placarding;  and 
other  causes.  Loss  and  damage  statistics  on  ammunition  and  explosives 
are  presented  ir.  this  paper.  An  accident  involving  750-pound  bombs 
in  railcars  at  Tobar,  Nevada,  is  described.  The  DOD  efforts  to  improve 
safety  during  transportation  of  ammunition  and  explosives  are  discussed. 
To  identify  transportation  environmental  effects,  the  Military  Traffic 
Management  Command  Transportation  Engineering  Agency  (MTMCTEA)  has 
monitored  shipments  of  various  ammunition,  explosives,  and  other 
hazardous  materials.  Two  containers  were  monitored  for  shock  and 
vibration  during  the  initial  DOD  test  shipment  of  ammunition  in  Sea-Land 
shipping  containers  from  Doyline,  Louisiana,  to  the  Republic  of  Vietnam 
(RVN).  A transportation  system  analysis  was  made  at  the  Naval  Ammunition 
Depot,  Earle,  Colts  Neck,  New  Jersey.  Also,  a transportation  engineering 
study  was  conducted  at  the  Military  Ocean  Terminal,  Sunny  Point,  South- 
port,  North  Carolina.  These  are  discussed.  The  monitorings  and  studies 
have  provided  significant  data  to  resolve  transportation  problems 
encountered  during  the  movement  of  ammunition  and  explosives.  MTMCTEA 
develops  transportability  criteria  and  guidance  to  aid  shippers  of 
military  ammunition  and  explosives.  However,  there  are  areas  requiring 
additional  research,  as  pointed  up  in  this  report. 


*Mr.  Edgerton  is  the  Health  Physicist  at  the  Military  Traffic  Management 
Command  Transportation  Engineering  Agency,  Newport  News,  Virginia. 
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INTRODUCTION 


The  transportation  of  military  ammunition  and  explosives  throughout 
the  United  States  and  the  world  is  presenting  many  technical  problems 
because  of  the  large  amounts  transported  and  the  hazards  associated  with 
their  movement.  The  provisions  that  are  made  to  protect  the  public 
health  and  safety  during  the  transport  of  these  hazardous  materials  are 
of  particular  concern  to  all.  It  is  essential  that  criteria,  guidance, 
and  performance  standards  be  verified  for  packaging,  handling,  and 
transportation  to  improve  safety  during  the  movement  of  these  materials 
by  all  modes.  It  is  necessary  that  military.  Federal,  state,  and 
local  regulatory  agencies  work  together  to  understand  the  many  associ- 
ative problems  cf  safety  during  transportation.  The  interchange  of 
information  in  this  area  on  an  international  basis  is  also  important 
to  the  development  of  regulations  for  the  safe  transport  of  these 
materials  worldwide.  Carriers  must  know  and  understand  the  risks 
involved  in  transporting  ammunition  and  explosives.  Package  designers 
or  shippers  must  know  pertinent  requirements;  frequently,  they  must  be 
informed  several  years  in  advance  of  a proposed  shipment.  Insurance 
companies  must  ascertain  that  their  policyholders  are  not  taking  unnec- 
essary risks.  The  general  public  and  the  people  who  live  and  work  near 
the  airways,  highways,  railroads,  and  waterways  must  also  be  given  con- 
fidence in  the  safety  during  transport  of  military  ammunition  and 
explosives. 

In  recent  years  fatal  and  sometimes  catastrophic  accidents  have 


occurred  during  the  movement  of  commercial  and  military  ha2a  dous  mater- 
ials. The  result  has  been  renewed  program  emphasis  on  eliminating  unsafe 
practices  and  correcting  regulations  that  permit  them  to  exist.  In  the 
Hazardous  Material  Tranc pertation  Control  Act  of  1970  (Public  Law 
91-458),  Congress  reiterated  that  Department  of  Transportation  (DOT) 
has  primary  responsibility  for  insuring  that  the  hazards  and  dangers 
associated  with  the  transport  of  dangerous  commodities  are  reduced  to 
the  lowest  level  possible.  The  Department  of  Defense  (DOD)  is  a shipper 
of  hazardous  materials.  There  is,  therefore,  a necessity  for  coordinate 
action  among  Federal  agencies  to  improve  safety  during  handling  and 
transportation  of  these  hazardous  materials. 

REGULATIONS  FOR  TRANSPORTATION  OF  AMMUNITION  AND  EXPLOSIVES 
DOD  implements  Public  Law  91-458  by  issuing  pertinent  military  dir- 
ectives in  the  form  of  service  regulations,  circulars,  notices,  manuals, 
and  other  publications  shown  in  Table  1.  For  example,  the  Joint 
Military  Traffic  Management  Regulation  AR  55-355,  is  the  "Bible"  with 
which  all  transportation  elements  of  the  DOD  must  comply.  The  Joint 
Services  Manual,  AFM  71-4/TM  38-250,  of  which  the  Air  Force  is  the 
proponent  agency,  prescribes  specific  details  essential  for  adequate 
packaging,  handling,  and  transport  of  ammunition  and  explosives  by 
military  aircraft.  The  Navy  Transportation  Safety  Handbook,  NAVORD  OP 
2165,  provides  essential  guidance  to  Navy  shippers  of  these  materials. 

The  other  regulations  listed  in  Table  1 provide  the  basis  for  many  imple- 
menting military  publications  related  to  proper  packaging  and  transpor- 
tation of  hazardous  materials. 
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Table  1.  Regulations  for  Transportation  of  Ammunition 
and  Explosives 


Department  of 

MTMR  AR  55-355 

Defense  (DOD) 

AFM  71-4,  TM  38-250 

NAVORD  OP  2165 

AR  55-55 

AR  55-228 

AR  70-44  and  AR  70-47 

Atomic  Energy 

10  CFR  71 

Coimtission  (AEC) 

International  Atomic 

SAFETY  SERIES  NO.  6 

Energy  Agency  (IAEA) 

Department  of 
Tr?  >ortation  (DOT) 


14  CFR  103 
46  CFR  146 
49  CFR  170-179 
49  CFR  39? 


STATES 


STATES  REGULATIONS  ARE 
SIMILAR  TO  AEC  AND  DOT 
REQUIREMENTS 


Additional  DGD  documents  used  to  improve  safety  during  transporta- 
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tion  include  00  Forms  626,  836,  836-1,  and  1387-2.  DD  Form  626, 

Motor  Vehicle  Inspection,  provides  additional  assurance  for  safe  trans- 
port bv  requiring  inspection  of  transport  equipment,  load  securement, 
placarding,  and  other  safety  checks  at  both  origin  and  destination,  thus 
eliminating  the  need  for  the  receiving  agency  to  complete  a new  DD  Form 
626.  DD  Form  836,  Special  Instructions  for  Motor  Vehicle  Drivers,  and 
DD  836-1,  Brtefina  for  Aircraft  Commanders  Transporting  Explosives  and 
Other  Dangerous  Articles,  provide  pertinent  information  regarding  the 
commodity,  general  precautions,  and  actions  to  be  taken  in  the  event  of 
an  accident  or  emergency.  DD  Form  1387-2,  Special  Handling  Data/Certi- 
fication fur  Military  Air  Shipments  of  Ammunition  and  Explosives,  is 
used  to  provide  information  on  nomenclature  of  the  item,  net  explosive 
weight,  gross  weight,  handling  instructions,  shipper  certifier tion, 
labeling,  and  shipment  within  passenger  or  cargo  limitations.  Proper 
preparation  of  DD  Form  1387-2  will  help  prevent  frustrated  freight  at 
air  terminals.  This  form  must  accompany  all  shipments. 

The  recent  change  to  part  397,  Motor  Carrier  Safety  Regulations 
Governing  Driving  and  Parking  Rules  for  Vehicles  Containing  Ammunition 
and  Explosives,  is  another  area  of  significant  interest  to  the  military 
and  eonmercial  carriers.  The  vehicle  must  not  enter  congested  areas, 
must  be  inspected,  and  cannot  be  left  unattended. 

Although  i have  mentioned  quite  a few  DOD  and  DOT  regulations,  there 
are  more  that  many  of  you  are  aware  of,  particularly  those  implemented 
by  the  various  services.  Because  of  the  rapid  change  in  regulations 
governing  the  tra.,sportation  of  ammunition  and  explosives,  it  is  essential 
that  all  personnel  concerned  be  apprised,  especially  the  operations 
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element  responsible  for  documentation,  packing,  loading,  blocking,  bracings 
tiedown,  labelinq,  placarding,  dispatching,  and  driving  of  vehicles. 
Personnel  must  not  be  involved  in  shipment  of  ammunition  and  explosives 
until  they  are  trained  to  insure  safe  transportation  by  all  modes. 

Training  in  this  specialized  area  is  available  to  industry,  civilian, 
and  military  personnel  through  enrollment  in  the  resident  2-week  courses 
offered  by  AMC  Anrounition  Center,  Savanna,  Illinois,  and  the  courses  on 
Transportation  of  Hazardous  Materials  given  by  the  Office  of  Hazardous 
Materials,  DOT. 


LOSS  AND  DAMAGE  PROBLEMS 

The  Military  Traffic  Management  Command  (MPMC)  has  responsibility 
for  the  DOD  freight  loss  and  damage  program  in  accordance  with  the 
provisions  of  Joint  Regulation  AR  55-38,  Reporting  of  Transportation 
Discrepancies  in  Shipment,  and  utilizes  DISREP  Standard  Form  361  as  an 
essential  tool  in  damage  prevention.  Many  shipment  discrepancies  are 
erroneously  being  reported  on  DD  Form  6,  Packaging  Improvement  Report, 
instead  of  the  Standard  Form  361,  Discrepancy  in  JMpment  Report.  Since 
MTMC  is  not  involved  in  the  DD  6 program,  and  does  noc  receive  copies  of 
DD  Form  6,  they  are  not  aware  of  the  complete  picture  of  shipment  discre- 
pancies that  are  reported  on  this  form.  Strict  compliance  with  the 
provisions  of  the  Joint  DISREP  Regulation,  AR  55-38,  will  insure  proper 
preparation  and  distribution  of  the  required  information  relative  to  loss 
and  damage.  Consideration  should  be  given  to  combining  DD  Form  6 and 


Considering  the  vast  volume  of  ammunition  and  explosives  chipped 


over  the  past  few  years,  the  actual  loss  and  damage  record  is  good. 


However,  DOD  still  experiences  shipment  discrepancies,  resulting  from 


inadequate  blocking,  bracing,  and  tiedown;  rough  handling;  inadequate 


transput  equipment;  omissions  or  incorrect  description  on  bills  of 


lading;  improper  labeling  and  placarding;  and  other  discrepancies. 


These  discrepancies  create  potential  hazardous  conditions  that  endan- 


ger the  health  and  safety  of  the  general  public  and  transports  .ion 


personnel  involved  in  air,  highway,  rail,  and  water  modes  of  transport 


including  potential  loss  and  damage  to  public  and  private  property. 


Close  communition  and  coordination  between  shippers  and  carriers  cannot 


be  overemphasized. 


Other  areas  of  utmost  concern  to  the  military  are  the  expedient 


resupply  and  transportation  actions  required  to  replace  ammunition  and 


explosives  when  damaged  during  transit,  particularly  when  such  material 


is  urgently  required  at  destination  for  combat  or  emergency  operational 


readiness.  Even  if  no  loss  of  life  or  property  other  than  the  cargo  is 


involved,  the  upset  to  manufacturing  and  movement  schedules  may  have 


impact  in  other  logistics  areas  not  involved  with  ammunition  or  explo- 


sives. 


Now,  when  we  speak  of  damage  involving  ammunition  and  explosives, 


we  must  not  overlook  the  fact  that  this  encompasses  materials  not  only 


visibly  damaged,  but  also  those  that  may  have  incurred  concealed  damage 


because  of  severe  impact,  jostling,  tumbling,  and  falling,  that  items 
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experience  during  an  abnormal  transportation  incident.  A single  item, 
a couple  of  items,  or  an  entire  carload  or  truckload  of  items  may  require 
destruction  for  reason  that  the  items  are  declared  to  be  unsafe  by 
explosive  ordnance  experts. 

Some  items,  when  damaged,  are  considered  unserviceable  and  may  not 
require  destruction,  but  must  be  sent  to  a military  facility  that  has 
the  unique  capability  of  reworking  the  items  to  serviceable  condition. 

The  appropriate  rework  facility  may  be  a considerable  distance  away. 

It  is  apparent  that  the  extra  preparation  and  transportation  costs 
involved  in  these  operations  may  be  considerable. 

The  DOD  implementation  of  the  loss  and  damage  prevention  program  is 
accomplished  through  various  means,  including  but  not  limited  to  the 
following:  transportability  analysis  and  testing;  development  of  mili- 

tary specifications  and  standards  for  shipping  containers,  palletization, 
and  containerization;  and  the  development  of  loading,  blocking,  bracing, 
and  tiedown  procedures  for  the  various  methods  and  modes  of  transporta- 
tion. Implementation  is  further  reflected  in  corrective  actions  taken 
on  discrepancy  in  shipment  reports  (DISREP) , Standard  Form  361,  and 
related  loss  and  damage  statistics  derived  from  these  reports. 

Statistics  on  the  total  number  of  DOD  loss  and  damage  claims  for 
ammunition  and  explosives  and  those  caused  by  fire  or  wrecks  are  shown 
in  Table  2.  Please  note  the  relative  low  number  of  claims,  41  for 
Fiscal  Year  1970  and  30  for  Fiscal  Year  1971,  resulting  from  fire  and 
accidents  during  transport.  However,  they  make  up  82  percent  of  the 
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total  dollar  value  of  claims  for  Fiscal  Year  1970  and  83  percent  of 
the  value  of  claims  for  Fiscal  Year  1971.  These  are  the  types  of 
accidents  that  the  DOT,  carrier  industry,  and  the  military  must  reduce 
in  order  to  achieve  the  lowest  possible  level  of  accidents  and  curtail 
the  need  for  emergency  resupply  and  additional  transportation  actions. 

DOD  loss  and  damage  claims  entered  against  commercial  CONUS  carriers 
for  Fiscal  Year  1972  and  Fiscal  Year  1973  with  causes,  number,  and  value 
of  claims  and  transfer  mode  (except  LOGAIR  and  OUICKTRANS)  are  given  in 
Table  3.  The  statistics  in  this  table  are  for  all  freight  shipments 
including  hazardous  materials. 


Table  2.  DOD  Loss  and  Damage  Claims  for  Accidents  Involving 
Ammunition,  Fiscal  Year  1970  Through  Fiscal  Year  1973 


AMMUNITION/EXPLOSIVES 

FY  1970 

CAUSE  (FIRE/WRECK) 

PERCENT  OF 
TOTAL  DOLLAR 
VALUE  OF  CLAIMS 

Total 

Claims 

276 

Total 

Claims 

41 

82 

Total 

Value 

$1,416,790 

Total 

Value 

$1,166,468 

FY_ 

1971 

Total 

Claims 

231 

Total 

Claims 

30 

83 

Total 

Value 

$ 604,037 

Total 

Value 

$ 485,207 

FY. 

1972 

Total 

Claims 

191 

Total 

Claims 

NOT  AVAILABLE 

Total 

Value 

$1,185,872 

Total 

Value 

NOT  AVAILABLE 

FY 

1973 

Total 

Claims 

108 

Total 

Claims 

NOT 

AVAILABLE 

Total 

Value 

$ 143,253 

Total 

Value 

NOT  AVAILABLE 
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Table  3.  DOD  Freight  Loss  and  Damage  Claims  Entered  Against 
CONUS  Commercial  Carriers  by  Cause  and  Mode  Fiscar 

1070  w irinnx  ^ rlSCdi 


Causes 

Number 

Claims 

Claims 

Values 

Modes 

~ Number 
Claims 

Claims 

Val  iipc 

Fire/Wreck 

82 

FV  1972 
$1,532,447 

Rail,  Cl/LCL 

1,542 

$1,684,573 

Shortages 

3,744 

1,245,178 

LTL 

3,102 

1,289,171 

Rough  Handling 

2,109 

950,537 

T1 

907 

817,237 

Spoilage 

138 

91,345 

Surface  Frt 
Fwdr 

254 

155,946 

Concealed  Loss 
and  Oamage 

251 

64,755 

REA  Express 

488 

38,487 

Theft 

113 

38,493 

Air 

250 

34,324 

Improper  Load 
and  Block 

35 

16,883 

Other  Modes 

103 

29,409 

Other 

174 

109,589 

Total 

6,646 

$4,049,227 

6,646 

$4,049,227 

FY  1973 

Shortages 

2,992 

$1,166,123 

LTL 

2,441 

$ 924,977 

Rough  Handling 

1,386 

770,132 

Rail 

988 

851,282 

Fire/Wreck 

277 

708,616 

T1 

886 

833,716 

Spoilage 

114 

95,855 

Surface  Frt 
Fwdr 

293 

131,823 

Other 

154 

59,011 

Other  Modes 

80 

53,847 

Improper  Load 
and  Block 

29 

24,432 

REA  Express 

393 

34,944 

Concealed  Loss 
and  Damage 

293 

20,388 

Air 

230 

25,532 

Theft 

66 

11,564 

IgSSl-. 5.311  $2.856.121 

SOURCE.  MTMTS  Freight  Loss  and  Damage 
includes  all  freight  shipments  via  all 


_ 5,311  $2,856,121 

CTaTnTReportrTiCs  MlMrs-lO(S-l) 

modes  except  L06A I R/QU I C KTRANS . 
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DOD  freight  loss  and  damage  claims  for  ammunition  and  explosives 
amounted  to  191  claims  for  a value  of  $1,185,872  of  the  total  6,646 
claims  in  the  amount  of  $4,049,227  entered  against  commercial  CONUS 
carriers  for  all  commodities  during  Fiscal  Year  1972.  These  claims  for 
ammunition  and  explosives  loss  and  damage  during  this  period  amounted 
to  29  percent  of  the  total  value  of  all  claims.  Damage  reported  as 
caused  by  inadequate  blocking  and  bracing  for  Fiscal  Year  1972  ammuni- 
tion and  explosives  shipments  amounted  to  30.3  percent,  while  14.7 
percent  were  attributed  to  rough  handling  and  5 percent  were  caused 
by  improper  loading  or  stowing. 

DOD  freight  loss  and  damage  claims  for  ammunition  and  explosives 
amounted  to  108  claims  for  a /alue  of  $143,253  of  the  total  of  5,311 
claims  in  the  amount  of  $2,856,121  entered  against  commercial  CONUS 
carriers  for  all  commodities  during  Fiscal  Year  1973.  These  claims  for 
ammunition  and  explosives  los  and  damage  amounted  to  5.0  percent  of 
the  total  value  of  all  claims.  Damage  reported  as  caused  by  inadequate 
blocking  and  bracing  for  Fiscal  Year  1973  ammunition  and  explosives  ship- 
ments amounted  to  10.6  percent,  while  8.4  percent  were  attributed  to 
rough  handling  and  10.3  percent  were  caused  by  improper  loading  or 
stowing. 

These  figures  show  an  encouraging  decline  in  the  number  of  incidents 
but,  from  the  data  available,  it  is  not  possible  to  determine  whether 
this  is  the  result  of  improved  safety  procedures  or  whether  it  is 
directly  related  to  a decline  in  the  total  number  of  shipments  of  such 
materials. 


The  total  number  of  rail  accidents  (national ) involving  hazardous 
materials  in  COr.’l'S  from  1958  to  1969  for  commercial  and  military  move- 
ments is  given  in  Table  4. 


Table  4.  Rail  Accidents  (National)  Involving  Hazardous  Materials 
in  CONUS  (Commercial  and  Military) 


CY 

Instances 

Fires 

Explosions 

Persons 

Killed 

Persons 

Injured 

Property 

Loss 

1969 

598 

43 

2 

10 

147 

$6,527,758 

1968 

517 

21 

0 

0 

3 

1,376,027 

1967 

457 

32 

2 

0 

10 

2,248,268 

1966 

450 

31 

2 

0 

1 

2,602,714 

1965 

466 

36 

3 

0 

2? 

1,305,687 

1964 

516 

20 

0 

0 

18 

1,103,726 

1963 

538 

25 

0 

0 

56 

617,932 

1962 

359 

25 

1 

0 

11 

275,413 

1961 

349 

25 

1 

0 

11 

380,548 

1960 

364 

36 

0 

1 

9 

2,449,956 

1959 

346 

35 

0 

10 

52 

950,323 

1958 

322 

40 

3 

0 

6 

2,329,112 

Figure  1 illustrates  an  accident  that  occurred  on  29  June  1969, 
involving  750-pound  bombs  in  railcars,  which  exploded  at  Tobar,  Nevada. 

The  flagman  heard  a loud  explosion  and  saw  a large  ball  of  flame,  fol- 
lowed by  black  smoke,  erupt  from  the  upper  portion  of  the  61st  car.  He 
immediately  opened  the  air  brake  valve  in  the  caboose,  applying  the 
brakes  in  emergency,  and  stopped  the  train  within  4,200  feet.  While  the 
train  was  coming  to  a stop  another  explosion  occurred  in  the  61st  car. 

In  addition  to  the  damage  shown,  the  series  of  explosions  that  occurred 
after  the  train  stopped  disintegrated  four  cars  of  unfused  demolition 
bombs  and  injuries  occurred  to  two  train  employees  and  to  two  unauthorized 


Figure  1.  Explosion  Involving  Rail  Shipment  of 
750-Pound  Bombs  at  Tobar,  Nevada. 


transients  riding  the  train.  Four  craters  about  30  feet  long,  20  feet 
wide,  and  8 feet  deep  were  blown  into  the  track  structure  and  ground 
at  the  locations  where  the  four  cars  stopped.  The  cause  of  the  explo- 
sions could  not  be  determined.  It  was  postulated  that  there  was  a 
possibility  that  the  floor  at  one  end  of  the  61st  car  collapsed  because 
of  a floor-stringer  failure,  permitting  a bomb  pallet  to  drop  in  such 
a manner  that  a bomb  rested  against  a rotating  axle  and/or  wheel,  and 
subsequently  exploded  as  a result  of  being  subjected  to  friction  heat- 
ing in  excess  of  350°  F„,  causing  the  bomb  to  deflagrate  and  the  result- 
ing fire  to  trigger  off  the  subsequent  explosions. 

DEPARTMENT  OF  DEFENSE  EFFORTS  TO  IMPROVE 
SAFETY  DURING  TRANSPORTATION 

In  order  to  reduce  the  risk  and  probability  of  potential  hazards 
during  transport  of  ammunition,  explosives,  and  other  hazardous  materials, 
the  basic  factors  listed  in  Table  5 must  be  considered. 

Table  5.  Basic  Factors  to  be  Considered  to  Reduce 
the  Risk  and  Probability  of  Accidents 

1.  Relative  Hazard  Potential  of  the  Item  or  Material. 

?..  Packaging  Performance  Standards. 

3.  Adequacy  of  Transportation  Equipment  and  Restraint  Systems. 

4.  Consideration  of  the  Effects  of  Transportation  Environments. 

In  light  of  these  considerations,  safety  during  transportation  of 
ammunition,  explosives,  and  other  hazardous  materials  is  provided  in 
part  by  insuring  that  packages  are  constructed  of  adequate  materials; 
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meet  structural  and  containment  requirements;  have  adequate  lifting 
devices  and  slinging  and  tiedown  attachments;  and  that  adequate  block' 
ing,  bracing,  and  tiedown  devices  have  been  provided  to  insure  proper 
restrain*  of  the  cargo. 

The  Joint  DOD  Engineering  for  Transportability  regulation  identified 
as  Army  Regulation  70-44,  Navy  OPNAV  Instruction  4600.22,  Air  Force 
Regulation  80-18,  Marine  Corps  Order  4610. 14A,  and  Defense  Supply  Agency 
Regulation  4500.25,  gives  actions  to  be  taken  to  achieve  compatibility 
of  military  material  with  existing  and  foreseen  transportation  systems 
through  transportability.  Each  of  the  services  has  designated  a trans- 
portability agent  to  impl ament  the  DOD  program.  Transportability  is 
defined  as  follows: 

TRANSPORTABILITY  is  the  capability  of  efficiently  and  effectively  trans- 
porting an  end  item  of  military  equipment,  or  component  thereof,  over 
railways,  hiyhways,  waterways,  oceans,  and  airways,  either  by  carrier, 
tov.ed,  or  by  self-propulsion. 

There  are  three  major  elements  of  responsibility  involved  in  this 
effort,  as  listed  in  Table  6.  The  Army  carries  out  these  responsibilities 
as  they  apply  to  land  transportation,  inland  waterway.  Army  air,  and 
ocean  terminals;  the  Nav,'  acts  in  the  field  of  ocean  transportation;  and 
the  Air  Force  performs  the  responsibilities  as  they  apply  to  coir,  mere-5  cl 
and  Air  Force  air  transportation. 
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fable  6.  Major  Responsibilities  of  Appropriate 
Military  Departments 

1.  Issue  Transportability  Criteria. 

2.  Insure  the  Conduct  of  Transportability  Field  Tests. 

3.  Issue  Transportability  Guidance  With  Emphasis  on  Safety  During 
Transportation. 


The  Joint  Engineering  for  Transportabi lity  Regulation  (AR  70-44} 
contains  the  three  mcjor  policy  statements  given  in  Table  7. 

Table  7.  Three  Major  Policy  Statements  of  Joint  Regulation 

1.  Blocking,  bracing,  slinging,  and  tiedown  procedures  will  be  developed 
to  insure  safe  delivery  of  materials  concurrently  with  development 
and  test  of  the  item. 

2.  Transportability  includes  the  adequate  accommodation  of  materials 
that  have  fragile,  sensitive,  and/or  dangerous  characteristics  either 
of  themselves  or  to  other  items  during  transportation. 

3.  Safety  will  be  a primary  transportability  objective.  The  general 
well-being  of  communities  will  receive  primary  consideration  in  this 
area  of  concern. 

A transportability  evaluation  is  required  by  Joint  AR  7(M4  for 
all  transportability  problem  items  when  designing  new  items  of  material, 
or  when  modifying  existing  items  of  material  including  commercially 
adopted  material,  A transportability  problem  item  is  an  item  of  equipment 
that  when  in  its  proposed  shipping  configuration  may  be  denied  movement 
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because  of  its  size,  weight,  or  fragile  or  dangerous  characteristics. 
Transportability  problem  items  require  special  equipment  or  handling, 
or  are  delayed  when  moving  within  existing  or  newly  designed  transporta- 
tion systems,  or  may  be  unaccepted  for  transport.  The  criteria  for 
identification  of  a transportability  problem  item  are  contained  in 
paragraph  12,  Appendix  A,  Joint  AR  7CM4.  A transportabi  1 i ty  report 
(request  for  a transportability  evaluation)  is  prepared  by  any  military 
activity  responsible  for  design,  development,  procurement,  or  modifi- 
cation of  material,  or  by  their  contractor  on  those  items  identified 
as  a transportability  problem  item.  The  report  will  be  submitted  to 
the  transportability  agent  (MTMC  for  the  Army;  Naval  Supply  Systems 
Command  for  the  Navy;  AFSC  for  the  Air  Force;  Commandant,  Marine  Corps; 
or  DSA) , for  evaluation  and  appropriate  guidance.  Information  required 
is  given  in  paragraph  13,  Appendix  A,  Joint  AR  70-44.  The  report  will 
identify  the  problem  items'  transportability  characteristics.  MTMCTEA, 
Newport  Hews,  Virginia,  as  the  transportability  operating  agent  for 
MTMC,  will  make  these  transportability  evaluations  for  the  Army.  Request 
should  be  submitted  as  soon  as  the  pertinent  transportability  character- 
istics are  known  but  not  less  than  3 months  prior  to  a movement  to 
provide  sufficient  time  for  analysis. 

Ammunition  and  explosives  are  classified  according  to  definition 
and  results  of  test  procedures  specified  in  DOS)  and  DOT  regulations. 

They  are  categorized  in  three  different  degrees  of  hazard:  Class  A is 
a detonation  hazard;  Class  B is  a fire  hazard;  and  Class  C is  a n .r.imum 
hazard.  Compatibility  of  ammunition,  explosives,  and  other  hazardous 


materials  by  all  modes  of  transportation  is  most  important.  The 
provisions  of  the  Loading  and  Storage  Charts  in  the  DOT  and  US  Coast 
Guard  regulations  must  be  complied  with  to  insure  safe  transport  of  these 
materials. 

Highway  shipments  of  Class  A and  Class  B explosives  must  be  tendered 
only  to  those  motor  carriers  authorized  by  MTMC.  Additionally,  these 
authorized  carriers  must  comply  with  the  provisions  specified  in  a 
written  agreement  between  the  carrier  and  MTMC,  which  contains  clauses 
specified  in  Art  55-355  MTMR.  When  shipments  of  Class  A and  B explosives 
are  prepared  for  highway  movement  only,  it  is  most  essential  that  the 
applicable  Bill  of  Lading  be  annotated  "Substitute  Service  Not  to  be 
Used."  This  is  a preventive  measure  to  preclude  the  possibility  of 
the  shipment  being  placed  in  trailer  or  flatcar  (TOFC-Piggyback)  rail 
service,  an  environment  where  blocking,  bracing,  and  tiedown  procedures 
used  for  highway  modes  would  be  inadequate.  Chapter  216  of  AR  55-355 
MTMR  outlines  such  requirements  in  this  area. 

The  military  utilizes  air  taxi  service  for  small  shipments  of 
explosives  and  orrt^  those  air  carriers  authorized  by  MTMC  will  be  used 
by  military  shippers.  There  is  considerable  concern  by  Congress  and  the 
DOT  with  regard  to  transport  of  hazardous  materials  by  commercial  air. 

For  more  than  25  years,  the  Bureau  of  Explosives,  an  element  of  the 
Association  of  American  Railroads  (AAR),  has  worked  with  both  the  Army 
and  Navy  in  the  development  of  blacking,  bracing,  and  tiedown  restraint 
procedures  for  ammunition  and  explosives.  Certain  principles  and  stan- 
dards have  been  developed  that  may  be  applied  to  many  given  items,  but 
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it  is  still  necessary  to  conduct  actual  transportation  tests  on  many 
containers.  For  the  most  part,  and  to  insure  safety  during  transportation, 
the  military  issues  loading  drawings  for  individual  ammunition  and  explo- 
sive items,  including  missiles.  Both  the  Army  and  Navy  develop  outloading 
drawings  for  the  Air  Force,  as  per  their  request.  Military  outloading 
drawings  are  developed  at  the  AMC  Ammunition  Center, 

Savanna  Army  Depot;  and  the  Naval  * apons  Handling  Laboratory,  Naval 
Anmunition  Depot  (NAD),  Earle,  New  Jersey.  When  these  drawings  are 
officially  approved,  they  are  issued  to  the  field  where  the  transpor- 
tation officer  becomes  involved.  Here  again  is  another  area  that 
requires  strict  compliance.  The  same  requirements  apply  to  the 
following  illustrations  and  rules  contained  in  the  applicable  Bureau 
of  Explosives  pamphlets. 

Military  Traffic  Management  Command  Transportation  Engineering 
Agency  (MTMCTEA)  provides  the  DOD  representative  to  the  Association  of 
American  Railroads  for  the  rules  governing  the  loading  of  DOD  materials 
on  open  top  railcars.  Shippers  of  DOD  hazardous  materials  desiring  to 
deviate  from  the  AAR  loading  rules  or  desiring  new  rules  or  revisions 
of  or  additions  to  the  present  rules,  figures,  or  specifications,  must 
submit  such  proposals  to  the  Military  Traffic  Management  Command 
Transportation  Engineering  Agency,  Newport  News,  Virginia  23606, 
through  appropriate  command  channels.  Proposals  are  reviewed  for  ade- 
quacy and  conformance  with  established  procedures;  roordinated,  and 
processed  for  approval  by  the  AAR.  When  required,  MTMCTEA  provides  DOD 
interface  for  closed  railcar  shipments. 
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For  an  effective  military  taansportability  program,  coordination  is 
not  only  essential  among  the  responsible  elements  of  the  DOD,  but  also 
with  the  transportation  industry,  particularly  in  the  mutual  interest 
of  utilizing  advanced  transportation  developments.  MTMC  maintains 
liaison  with  the  DOD  Explosives  Safety  Board  (DODESB)  on  problems  related 
to  accidents  with  explosiver.  involving  commercial  carriers.  Accordingly, 
liaison  is  also  maintained  with  the  American  Trucking  Association  and 
the  terminal  industry. 

Packaging  and  transportation  of  hazardous  materials  are  the  out- 
growth of  many  years  of  experience  in  shipment  of  ammunition  and  explo- 
sives and  exhausting  research  and  tests.  In  the  interest  of  safety, 
packaging  and  transportation  of  hazardous  materials  must  not  only  be 
fully  capable  of  protects.-!  to  contents,  but  also  be  practical  from  the 
standpoint  of  cost,  cube,  and  gross  weight.  These  are  only  a few  of 
the  prime  areas  of  consideration  in  the  current  containerization  of 
ammunition  for  transportation  studies  being  conducted  by  the  military. 

MTMCTEA  is  actively  engaged  in  a program  to  develop  transportability 
criteria  and  guidance  for  hazardous,  oversize,  overweight,  fragile,  and 
sensitive  materials  for  movement  by  highway,  rail,  Army  air,  inland 
waterway,  and  logistical  amphibious  and  for  terminal  handling.  Some 
recent  projects  affecting  military  ammunition  and  explosives  transport 
are  described  in  the  following  paragraphs. 

MTMCTEA  participated  in  the  development  of  shipping  procedures  for 
eight  different  types  of  ammunition  that  were  used  in  the  initial  DOD 
test  shipment  in  Sea-Land  shipping  containers  to  the  Republic  of  Vietnam 
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(RVN) J Two  containers  were  instrumented  to  measure  shock  and  vibration 
environments  during  the  entire  move.  The  movement  originated  at 
Doyline,  Louisiana,  and  encompassed  highway  transport  to  Port  Chicago, 
California;  terminal  handling  at  Port  Chicago;  ocean  voyage  to  Cam 
Ranh  Bay,  RVN;  handling  at  Cam  Ranh  Bay  barge  movement  to  Qui  Nhon; 
unloading  at  Qui  Nhon;  and,  finally,  highway  movement  by  military  convoy 
to  a forward  ammunition  supply  point  at  Pleiku.  Good  shock  and  vibra- 
tion information  was  obtained  during  the  entire  movement.  Maximum  g 
values  were:  vertical  10+,  lateral  1.3,  and  longitudinal  5.0.  These 

maximum  values  occurred  during  the  highway  movement  to  Pleiku  over 
asphalt  and  gravel -surfaced  roads. 

A transportation  systems  analysis  was  made  by  MTMCTEA  of  the  Naval 
Ammunition  Depot,  Earle,  Colts  Neck,  New  Jersey,2  to  determine  problems 
and  recommend  solutions  concerning  materials  handling  equipment,  motor 
freight,  and  rail  systems;  cargo  processing  and  temporary  storage  proce- 
dures; inspection  of  transportation  equipment  and  cargo;  depot  roadways; 
and  repair  parts  availability. 

A transportation  engineering  study  was  made  by  MTMCTEA  of  the 
Military  Ocean  Terminal,  Sunny  Point  (MOTSU),  Southport,  North  Carolina,3 
to  determine  the  throughput  capability  of  the  terminal  under  various 
operating  conditions.  The  purpose  of  the  analysis  was  to  reveal 
constraints  that  could  be  reduced  or  removed  to  increase  the  terminal 
capability.  This  report  was  published  in  July  of  this  year. 

Latest  Army  explosives  stowage  techniques  for  marine  transport  were 
documented  by  MTMTS  Pamphlet  55-6,  entitled  Loading  and  Securing  of 
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Military  Explosives  Aboard  Merchant-Type  Ships.  The  pamphlet  specifies 
techniques  for  the  safe  and  economical  securenent  of  military  explosives 
on  conventional  break-bulk  ships.  Presently,  procedures  defined  therein 
are  being  applied  to  contract  negotiations  and  in  the  instruction  of 
personnel  at  the  Army's  major  explosives  shipping  activity,  the 
Military  Ocean  Terminal,  Sunny  Point  (MOTSU),  North  Carolina. 

MTMCTEA  served  as  a contributing  member  of  a working  group  to 
prepare  a joint  service  publication  specifying  uniform  procedures  for 
securing  explosives  aboard  ships.  This  joint  publication  will  consoli- 
date and  replace  MTMTS  Pamphlet  55-6  and  NAVORD  OP  3221.  The  draft 
report  is  nearing  completion  and  should  be  available  for  coordination 
by  15  August  1974. 


AREAS  REQUIRING  ADDITIONAL  RESEARCH 
Although  much  has  been  done  to  improve  safety  during  transportation 
of  ammunition  and  explosives,  additional  research  is  needed  to  assure 
that  requirements  are  realistic  and  adequate.  Areas  requiring  additional 
research  are  given  in  Table  8. 

Table  8.  Areas  Requiring  Additional  Research 

1.  Shock  and  Vibration. 

2.  Test  Standards. 

3.  Temperatures,  Pressures,  and  Humidities  Encountered  in  Transportation. 

4.  Types  of  Accidents  and  Incidents  Creating  Critical  Impacts 
Occurring  in  Transportation. 

5.  Risk  Analysis  Related  To  Transportation  Accidents. 


612 


MTMCTEA  and  other  military  research  workers  have  developed 
environmental  criteria  for  shock  and  vibration  by  air,  highway,  rail, 
and  sea  modes  of  transportation.  The  following  data,  based  upon 
transportation  engineering  tests  and  analyses  of  maximum  accelerations 
during  instrumented  shipments,  representing  the  most  severe  shock  and 
vibration  environment  to  be  expected  in  the  mode  indicated,  are 
recommended  as  interim  criteria  pending  the  development  of  more  refined 
values. 

a.  Air  shock.  1 2g * s at  0.1  second  (vertical). 

b.  Air  vibration.  From  5g's  at  5 cps  to  9g's  at  1,000  cps 
(vertical,  lateral,  and  longitudinal). 

c.  Highway  shock.  lOg's  at  0.083  second  (vertical  and  lateral). 

d.  Highway  vibration.  From  2g's  at  2 cps,  to  9g's  at  7 cps,  to 
2-l/2g's  at  50  cps  (vertical). 

e.  Rail  shock.  50g's  at  0.011  second;  30g's  at  0.064  second 
(vertical  and  longitudinal). 

f.  Rail  vibration.  From  4.8g's  at  5 cps  to  3.5g's  at  350  cps 
(vertical  and  lateral). 

g.  Sea  shock.  1.5g's  at  0.044  second  (vertical  and  lateral). 

h.  Sea  vibration.  0.8g  at  0.8  cps  to  14  cps  (vertical  arid  lateral). 
The  ranges  of  shock  and  vibration  in  the  different  modes  are,  of  course, 
subject  to  change  as  technology  progresses.  Consequently,  it  is  neces- 
sary to  survey  these  environments  continually  to  detect  trends  that 

may  affect  packaging  and  cargo  securement  requirements.  The  criteria 
may  require  change  as  a consequence  of  new  research. 
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Test  standards  have  been  written  by  MTMCTEA  for  Army  air,  highway, 
rail,  and  terminal  modes  of  transport.  A transportability  criteria 
Military  Standardization  Handbook  with  test  standards  included  is  being 
written  by  MTMCTEA  and  shofirtd  be  published  during  Fiscal  Year  1975. 

MTMCTEA  has  monitored  shipments  from  the  MH-1A  Sturgis  floating 
nuclear  power  plant  for  the  environmental  effects  of  temperature, 
pressure,  and  humidities  encountered  in  transportation  of  radioactive 
materials  by  highway  and  sea  modes  of  transport.  Other  shipments  of 
radioactive,  ammunition,  and  explosives,  and  other  hazardous  materials 
have  been  monitored  by  Artry  air  and  other  modes  of  transport.  Informa- 
tion obtained  during  the  monitoring  of  these  shipments  has  enabled 
refinement  of  criteria.  However,  further  research  and  development  in 
this  area  are  required. 

A joint  study  was  conducted  by  the  Atomic  Energy  Commission  and 
Department  of  the  Army  on  the  transportation  of  fisiile  and  radio- 
active materials  to  determine  scientifically  the  effects  of  a serious 
transportation  accident  on  the  cargo,  vehicle  restraint,  and  total 
transport  system.  Tests  were  made  in  which  two  tractor-semitrailer 
combinations  loaded  with  containers  for  radioactive  materials,  AEC 
birdcage  container  assemblies,  and  irradiated  spent  fuel  casks  were 
crashed  into  a barrier.  During  these  tests,  information  and  experience 
were  obtained  to  provide  criteria  and  guidance  in  future  tests  for 
evaluating  the  dynamics  of  a system.  Further  research  and  development 
should  be  conducted  to  determine  the  effects  of  rear-end  crashes  and 
overturns  and  right-angle  collisions  of  vehicles  loaded  with  inert 
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ammunition  and  inert  explosive  containers. 

The  National  Transportation  Safety  Board  considers  that  the 
development  of  methods  for  quantifying  the  risk  levels  created  by  the 
movement  of  dangerous  goods  in  transportation  systems  appears  to  be 
technically  feasible.  The  US  Coast  Guard  within  the  DOT  has  produced 
a noteworthy  study  of  a model  containing  approaches  to  development  of 
an  analytical  framework  and  methods  that  bear  on  this  problem.  This 
work  is  contained  in  an  unpublished  study  entitled  "Estimating  the 
Damages  Presented  to  Ports  and  Waterways  From  the  Marine  Transportation 
of  Hazardous  Cargoes:  An  Analytical  Model,"  12  December  1969.  Similar 

studies  should  be  made  fjr  the  other  modes  of  transportation.  Use  of 
technology  and  approaches  utilized  in  system  safety  should  be  used 
in  solving  problems  associated  with  transportation.  Considerable 
research  and  development  a/e  needed  in  this  area. 
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CHANGES  TO  46  CFR  146.29  (CG-108) 

Ensign  D.  A.  Riikonen,  USCG 
HQ.  U.  S.  Coast  Guard 
Washington,  D.  C. 


Good  afternoon,  my  name  is  David  A.  Riikonen.  I am  an  ensign 
in  the  United  States  Coast  Guard,  presently  assigned  to  the 
Cargo  and  Hazardous  Materials  Division  at  Coast  Guard  Head- 
quarters in  Washington,  0.  C.  where  much  of  my  time  is  spent 
with  the  Coast  Guard's  Explosives  Regulations. 

The  Coast  Guard  has  had  an  active  role  in  the  safe  transpor- 
tation of  military  expolsives  since  October  1942,  when  the 
first  set  of  Rules  and  Regulations  for  Military  Explosives 
and  Hazardous  Munitions  were  issued.  These  regulations,  more 
commonly  referred  to  by  the  Coast  Guard  Publication  Number: 
CG-108,  have  been  amended  and  revised  many  times  since  1942, 
however  the  original  format  is  still  intact.  In  CG-108, 
military  explosives  are  divided  into  28  classes  for  the 

PURPOSES  OF  COMPATIBILITY  AND  SEGREGATION  ON  BOARD  VESSELS. 

In  addition,  two  of  the  28  cusses,  class  XIC  and  class  XID, 

ARE  SUBDIVIDED  INTO  27  SPECIAL  CUSSES  WHERE  ADDITIONAL 
SEGREGATION  IS  REQUIRED. 


The  Coast  Guard,  through  its  involvement  in  the  development  of 
International  Explosives  Regulations  has  recognized  the 
complexity  of  the  compatibility  tables  in  CG-108  and  has 
embarked  on  a major  revision  of  these  regulations  in  order 

TO  CORRECT  THIS  AND  OTHER  PROBLEM  AREAS.  In  REVISING  THE 
MILITARY  EXPLOSIVES  REGULATIONS  IT  IS  PLANNED  TO  ADOPT  THE 

United  Nations  recommendations  for  explosives  compatibility. 
This  will  simplify  the  compatibility  to  12  groups  and  provide 
standard  definitions  for  each  compatibility  group,  thus 


eliminating  those  items  which  should  be  handled  as  other 
regulated  cargo.  The  items  presently  !N  classes  XIC  and  XID, 

AS  WELL  AS  CERTAIN  ITEMS  IN  THE  OTHER  CUSSES,  ARE  NOT 
EXPLOSIVE  AND  SHOULD  CORRECTLY  BE  REGULATED  ACCORDING  TO  THE 
ACTUAL  HAZARD  OF  THE  COMMODITY.  IN  CONJUNCTION  WITH  THE 
ADOPTION  OF  THE  U.N.  COMPATIBILITY  GROUPS  IT  IS  ALSO  PUNNED 
TO  ADOPT  THE  SEGREGATION  CRITERIA  R COMMENDED  BY  U.N.  THIS 
CHANGE  PARELLELS  SIMIUR  CHANGES  BEING  PROPOSED  FOR  ALL  OTHER 

cusses  of  reguuted  cargoes.  Together  these  two  changes  will 

PROVIDE  A CONSISTENT  APPROACH  TO  THE  STOWAGE,  SEGREGATION  AND 
COMPATIBILITY  OF  ALL  DANGEROUS  CARGOES  ON  AN  INTERNATIONAL 
SCALE,  WITH  ONE  EXCEPTION. 
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As  YOU  PROBABLY  KNOW  THE  COAST  GUARD'S  DANGEROUS  CARGO 
Regulations  contain  two  sets  of  explosives  regulations  - the 

COMMERCIAL  EXPLOSIVES  REGULATIONS  AND  THE  MILITARY  EXPLOSIVES 
REGULATIONS  CONTAINED  IN  SUBPARTS  146,20  AND  146,29  RESPECTIVELY, 

AS  YET  THE  U.N.  COMPATIBILITY  RECOMMENDATIONS  HAVE  NOT  BEEN 
PROPOSED  FOR  THE  COMMERCIAL  EXPLOSIVES  REGULATIONS.  THIS  IS 
DUE,  IN  PART,  TO  THE  INTERFACE  OF  COAST  GUARD  REGULATIONS  WITH 
OTHER  REGULATIONS  IN  TlTLE  49,  AND  THE  NATURE  OF  THESE  TWO 
TYPES  OF  EXPLOSIVES.  In  GENERAL  COMMERICAL  EXPLOSIVES  PRESENT 
A MASS  EXPLOSIVE  RISK  WHILE  MILITARY  EXPLOSIVES  PRESENT  A 
PROJECTILE  OR  MISSILE  HAZARD,  ONCE  THE  PROBLEM  CREATED  BY 
THESE  DIFFERENCES  IS  RESOLVED,  THE  U.N.  COMPATIBILITY  WILL  BE 
APPLIED  TO  THE  COMMERICAL  EXPLOSIVES  REGULATIONS,.  AND  IDEALLY, 

THE  VARIOUS  EXPLOSIVES  REGULATIONS  WOULD  BE  COMBINED  TO  PROVIDE  ONE 
SET  OF  REGULATIONS  FOR  ALL  EXPLOSIVE  CARGOES  TRANSPORTED  BY  VESSEL, 

The  IMPACT  ON  SAFETY  BY  THIS  REGULATORY  ACTION  IS  OBVIOUS, 

Shipments  of  explosives  by  water  are  predeminately  international 
VOYAGES  AND,  AS  OF  JANUARY  1974,  21  COUNTRIES  HAVE  ADOPTED 
THESE  SAME  RECOMMENDATIONS  FOR  THEIR  NATIONAL  SHIPPING  REGULA- 
TIONS, Therefore,  it  behooves  the  United  States  to  have  an 

INTERNATIONAL  COMPATIBLE  SYSTEM  FOR  THE  MARKING,  LABELING 
PACKAGING  AND  STOWING  OF  EXPLOSIVES, 
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The  work  on  redrafting  the  military  explosives  regulations  is 
BEING  DONE  WITH  GUIDANCE  FROM  THE  DOD  ESB,  I HAVE  AVAILABLE 
SEVERAL  COPIES  OF  THE  EXISTING  REGULATIONS  IF  ANYONE  IS 
INTERESTED  IN  THEM,  BOTH  MYSELF  AND  THE  BOARD,  WOULD 
APPRECIATE  ANY  CONSTRUCTIVE  COMMENTS  YOU  COULD  MAKE  TO  HELP 
US  IN  THIS  ENDEAVOR,  THANK  YOU. 
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THE  IMPACT  OF  HAZARD  IDENTIFICATION  NUMBERS 
ON  EXPLOSIVES  SAFETY  IN  TRANSPORTATION 

Mr,  R.  R.  Weiss 
Redstone  Arsenal,  Alabama 


Recent  efforts  by  the  Department  of  Transportation  to  bring  the 
Hazardous  Materials  Regulations  Into  conformity  with  international 
regulations  have  resulted  In  c series  of  dockets  which  if  accepted  In 
their  proposed  form  will  have  a considerable  Inpact  on  present  methods 
of  marking,  packaging,  and  labeling  hazardous  materials. 

One  such  proposed  change  Is  Docket  No.  HM-103;  Notice  *io.  73-10, 
titled  Hazard  Information  System  and  Miscellaneous  Proposals;  Notice 
of  Proposed  Rule  Making,  dated  24  January  1974,  In  the  Federal  Register. 

Addressing  Itself  to  specific  deficiencies  In  documentation,  the 
Hazardous  Materials  Regulations  Board  stated  in  Its  preamble:  "...[T]he 
communications  requirements  of  the  regulations  (1)  generally  are  not 
addressed  to  more  than  one  hazard;  (?.)  do  not  In  all  instances  require 
disclosure  of  the  prescence  of  hazardous  materials  in  transport  vehicles; 
(3)  are  not  addressed  to  the  different  hazard  characteristics  of  a mixed 
load  of  hazardous  materials;  (4)  do  not  provide  sufficient  information 
whereby  fire  fighting  and  other  emergency  response  personnel  can  acquire 
adequate  Immediate  information  to  handle  emergency  situations;  and 
(5)  are  Inconsistent  In  their  application  to  the  different  modes  of 
transport." 

The  Hazard  Information  System  Is  two-fold;  first,  hazardous 
materials  will  be  amended  to  include  a Hazard  Identification  Number: 

01  for  Dangerous,  05  for  Irritant,  15  for  Explos4ve  C,  17  for  Explosive 
B,  19  for  Explosive  A,  through  85  for  Corrosive.  The  format  of  the 
present  labels  will  be  changed  to  permit  a "Hazard  Information  Number 
Block"  which  appears  directly  below  the  printing  of  the  hazard  class. 
Placards  will  follow  the  format  of  the  labels  to  Include  the  hazard 
Identification  numbers.  Secondly,  a pamphlet  containing  the  fire 
prevention,  spill  or  leak,  and  first  aid  measures  to  be  employed  in 
case  of  accidents  during  transportation  will  be  mads  available  to 
each  person  Involved  in  the  transportation  of  hazardous  material. 

This  pamphlet  will  be  keyed  to  each  Hazard  Identification  Number 
by  label  type  for  quick  identification. 

‘ne  Board  was  asked  to  consider  incorporation  of  "A  Recommended 
System  for  the  Identification  of  the  Fire  HazcH  of  Materials,"  also 
referred  to  as  the  NFPA  704M  System  Into  regulations.  This  was  rejected 
as  the  704M  System  Is  oriented  toward  storage  and  handling.  Furthermore, 
the  Board  rejected  the  contention  of  the  International  Association  of 
Fire  Chiefs  (IAFC)  that  the  704M  System  Identifier  the  nature  of  the 
hazard  or  the  potential  degree  of  severity.  It  is  the  position  of  the 
Board  that  the  Hazard  Information  System  satisfies  these  requirements. 
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The  intent  of  this  measure  Is  clear:  hazardous  material  labels 

in  their  present  form  do  not  provide  the  information  necessary  to  cope 
with  specific  hazards  connected  with  a class  of  hazardous  material. 

To  correct  this,  specific  hazard  identification  number  -./'H  identify 
specific  hazards.  For  example,  the  proposed  change  ca'S  for  seven 
numbers  to  identify  flamnable  liquids,  nine  numbers  to  identify  flammable 
solids,  five  for  poisons,  etc.  To  again  quote  the  Board:  "...TTlhe  use 

of  the  hazard  Information  numbers  would  serve  to  tie  together  and  authen- 
ticate communications  of  the  hazards  of  materials  on  shipping  papers, 
labels,  placards,  the  hazard  information  cards,  and  verbal  communications 
to  [assist]  personnel  who  may  or  may  not  go  to  the  site  of  an  Incident." 

A proposed  commodities  list  which  assigns  a hazard  identification 
number  to  each  article  is  contained  In  Docket  No.  HM-112;  Notice  No.  73-9, 
titled  Consolidation  of  Hazardous  Materials  Regulations  and  Miscellaneous 
Proposals,  dated  24  January  1974.  It  Is  assumed  that  Dockets  HM-103 
and  HM-112  will  become  effective  simultaneously  thus  easing  the  transi- 
tion to  the  new  system.  It  should  be  noted  that  proposed  Section  172.401 
exempts  labels  applied  to  a package  in  conformance  with  any  United  Nations 
Recommendation  (Including  the  entry  of  the  class  number  below  the  hazard 
information  number  block)  or  the  Inter-Government  Maritime  Consultative 
Organization  (IMCO)  requirements.  This  Is  especially  applicable  to 
Import/export  shipments  to/ from  Europe.  The  consolidation  of  the 
hazardous  materials  regulations  Into  Title  49  of  the  Code  of  Federal 
Regulations  will  introduce  the  hazard  Identification  numbers  Into 
motor,  rail  (railway  express),  air,  and  water  transportation.  Thus, 
the  Impact  of  this  system  will  be  felt  by  all  three  modes.  This  uni- 
formity In  effect  Is  the  Docket's  greatest  strength  for  it  simplifies 
the  documentation  required  In  Inter-modal  shipments. 

The  main  drawback  of  this  system  will  be  its  complexity.  As  the 
effect  of  these  changes  will  be  felt  by  firefighters,  police,  and  other 
emergency  personnel,  in  addition  to  transportation  personnel,  a 
massive  re-education  campaign  will  be  required  if  the  system  is  to  be 
effective. 

Since  Docket  HM-8  Introduced  the  UN  system  of  labeling  in  1968, 
the  Department  of  Transportation  has  slowly  abandoned  a national  system 
of  labeling  in  favor  of  an  International  system.  By  1 January  1975, 
all  hazardous  materials  labels  will  follow  the  UN  system.  But  the  hazard 
Information  system  is  not  recognized  by  the  UN  Recommendations.  Inclusion 
of  the  cl  ass/di  vision  compatability  code  is  still  recommended.  Thus, 
relabeling  of  commodities,  which  HM-8  is  supposed  to  alleviate,  is 
still  a possibility.  The  prospect  exists  for  the  abandonment,  by  the  Coast 
Guard,  of  CG  108  in  favor  of  the  IMCO  requirements.  This  is  a great 
step  toward  International  conformity  of  hazardous  materials  regulations. 

The  adoption  of  Pockets  103  and  112,  and  especially  the  adoption  of  the 
provisions  of  proposed  section  172.401,  will  be  equally  important  In 
permitting  the  freer  *low  of  materials  around  the  world. 
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INFLUENCE  OF  BURST  POSITION  ON  AIRBLAST , GROUND 
SHOCK  AND  CRATERING  IN  SANDSTONE 

by 

Jaaes  K.  Ingram,  James  L.  Drake 
and 

Leo  F.  Ingram 

U.  S.  Army  Engineer  Waterways  Experiment  Station 
Vicksburg,  Mississippi 


Seven  1,000- lb  nitrome thane  spheres  were  detonated  at  different 
height/depths  of  burst  with  respect  to  the  surface  of  a sandstone 
rock  mass  near  Grand  Junction,  Colorado.  The  purpose  of  the  tests 
was  to  study  the  effects  of  burst  position  on  alrblast,  ground  Bhock 
and  cratering  phenomena.  Primary  Interest  was  in  ground  shock. 

Ground  motions  were  measured  directly  beneath  the  charges  to 
maximum  depths  of  60  feet  and  at  several  locations  near  the  ground 
surface  within  IOC  feet.  Airblast  pressure-time  histories  were  measured 
along  the  rock  surface  at  five  stations  extending  to  the  .10  pel  level. 
Postshot  surveys  were  made  to  determine  apparent  and  true  crater 
dimensions.  Results  showed  a strong  dependence  of  burst  position  on 
crater  dimensions,  horizontal  motions  near  the  surface  and  peak  airblaat 
pressure.  The  uosc  influential  range  of  charge  elevations  was  from  two 
charge  radii  above  the  surface  to  two  charge  radii  below  the  surface. 
Airblaat,  crater  and  ground  motion  parameters  were  normalized  and  plotted 
as  functions  of  normalized  charge  elevation  to  provide  a direct  and 
simple  assessment  of  charge  position  effects. 


Introduction 


Effects  of  ground  shock,  cratering  and  airblast  are  very  sensitive 
to  charge  position  for  near-surface  bursts.  Results  of  previous  high 
explosive  tests  indicate  large  increases  in  notion  magnitudes  and  crater 
dimensions  as  the  height  of  burst  is  varied  from  slightly  elevated  to 
buried  configurations.  This  strong  dependence  is  caused  partly  by  the 
increase  ir  contact  area  between  the  explosive  and  the  ground. 

Project  CENSE  (Coupling  Efficiency  of  Near  Surface  Explosions)  is 
a high  explosive  test  program  sponsored  by  the  Office,  Chief  of  Engineers 
to  study  systematically  the  effects  of  burst  position  on  ground  shock, 
cratering  and  airblast  in  varying  geologies.  Primary  Interest  is  the 
ground  motion  directly  beneath  the  charge  and  the  strong  surface  motions 
near  the  explosion.  The  first  phase  of  a series  of  tests  was  conducted 
in  a nearly  homogeneous  sandstone  in  the  autumn  of  1973  near  Grand  Junction, 
Colorado.  This  series  consisted  of  detonations  of  seven  1000-lb  nitro- 
methane  spheres.  Burst  positions  relative  to  the  center  of  the  charge 
were  -4Rc,  -Rc,  -0.5Rc,  0,  +0.5Rc,  +Rc,  +7RC  depths  (heights)  in  units 

of  charge  radii  (R  -1.5  feet).  Figure  1 shows  the  experimental  geometry 
c 

and  event  number  designations  for  the  various  tests.  Vertical  motion  gages 
were  located  on-axis  directly  beneath  each  charge.  A radial  array  of  two- 
component  (vertical  and  horizontal)  motion  sensors  were  placed  near  the 
ground  surface  at  fixed  ranges  from  ground  zero.  These  ranges  were  deter- 
mined by  expected  surface  airblast  overpressures  of  150,  70,  30,  15  and 
10  psi  for  the  elevated  bursts.  Airblast  gages  were  placed  along  the  rock 
surface  directly  over  the  near  surface  motion  instruments  on  all  but  the 
deeply  burled  configuration  (where  airblast  levels  were  trivial). 

This  paper  presents  an  analysis  of  the  results  of  the  CENSE  1 experi- 
ments in  terms  of  the  relative  enhancement  (or  suppression)  of  the  primary 
explosion  effects  resulting  from  the  degree  of  explosive  containment. 
Coupling  factors,  defined  as  the  ratio  of  an  effect  magnitude  tc  that  for 
a standard  containment  condition,  are  introduced  as  a measure  of  this 
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Figure  1.  CENSE- I Experimental  Flan. 


enhancement  and  to  simplify  the  data  presentation.  Specific  coupling 
factors  for  the  various  effects  are  defined  as: 


Airblast  factor,  F 


Surface  overpressure 


a Standard  free-air  pressure 


Ground  shock  factor,  F 


Peak  horizontal  particle  velocit 


u Peak  radial  velocity  for  fui 1 containment  (PoB 


Cratering  factors 


True  crater  dimensions 


True  crater  dimension  for  full  containment  (DoB 


*»v- 


, r " - . 


Near-Surface  Ground  Motion 


Particle  velocities  were  measured  with  vertical  and  horizontal 
sensors  near  the  rock  surface  at  fixed  ranges  from  ground  zero  (36,  48, 
65,  85  and  100  feet)  for  all  tests.  The  gages  were  two  feet  deep  for 
all  tests  except  the  fully-contained  burst  (Shot  7);  for  this  test  they 
were  located  at  shot  depth. 

The  most  consistent  motion  parameter  which  best  illustrated  contain 
ment  effects  was  the  horizontal  particle  velocity.  A composite  plot  ox 
the  horizontal  particle  velocity  waveforms  at-  the  48  foot  range  for  all 
burst  positions  is  shown  in  Figure  2.  These  normalized  waveforms,  which 
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Figure  2.  Near-Surface  Horizontal  Particle  Velocity 
Waveforms  at  48  ft  Range. 


are  typical  of  those  at  other  ranges,  show  a slight  increase  in  the 
characteristic  pulse  width  (duration)  with  increased  containment.  The 
most  dramatic  increase  occurred  when  the  blast  was  fully  contained.  This 
figure  clearly  demonstrates  that  burst  position  does  not  change  the 
characteristic  horizontal  particle  velocity  waveform;  however,  large 
increases  in  peak  amplitude  were  noted  with  increasing  containment. 

A parametric  plot  of  peak  horizontal  particle  velocity  versus  scaled 
range  for  the  various  charge  containments  i-3  shown  in  Figure  3.  Scaled 
range  is  defined  as  the  actual  range  divided  by  the  cube  root  of  the 

1/3 

charge  weight  and  expressed  in  units  of  ft/lb  . This  scaling  law 
allows  for  data  correlation  and  extrapolation  for  different  explosive 
weights . 


Figure  3.  Peak  Particle  Velocity  Versus  Scaled  Range  as 
a Function  of  Charge  Containment. 
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Data  trends,  shown  as  lines  of  approximately  equal  slope,  show  a 
tenfold  increase  in  peak  horizontal  velocity  when  the  charge  containment 
was  varied  from  slightly  elevated  (-4Rc)  to  full  buried  (+7Rc>.  This 

marked  increase  is  best  described  by  the  ground  motion  coupling  factor 
F^  as  shown  in  Figure  4.  This  plot  shows  that  the  greatest  sensitivity 

of  coupling  occurs  for  the  near-surface  charge  positions,  that  is, 

slightly  elevated  to  slightly  buried  (^2R  to  +2R  ).  In  this  region, 

c c 

Fu  is  proportional  to  the  containment  parameter.  The  coupling  factor 

becomes  asymptotic  to  its  maximum  value  of  unity  for  greater  containment 
and  approaches  a lower  limit  of  about  0.1  for  the  elevated  burst 
positions . 


CONTAINMENT,  kc 

Figure  4.  Motion  Coupling  Factor  F , as  a Function  of 
Charge  Containment. 
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In  contrast  to  the  strong  sensitivity  of  the  horizontal  peak  motions 
to  burst  position,  the  peak  vertical  particle  velocities  were  found  to  be 
virtually  independent  of  the  degree  of  containment.  Data  spread  (shown 
as  hatched  area  in  Figure  3)  was  on  the  order  of  +50  percent  of  the  mean 
with  no  pronounced  trend  associated  with  explosion  containment.  Phasing 
of  the  local  airblast  loading,  which  dominated  the  vertical  motions,  and 
the  surface  wave  is  believed  to  be  the  principle  source  of  scatter  in  the 
vertical  velocity  data. 


Surface  Airblast 


Surface  airblast  measurements  were  made  at  five  ranges  (36,  48,  65, 

85  and  100  feet)  from  ground  zero,  corresponding  to  a general  overpressure 
range  of  150  to  10  psi.  Airblast  gages  were  flush-mounted  in  a concrete 
pad  to  minimize  effects  of  surface  roughness  on  the  measurements.  An 
average  coupling  factor  for  each  shot  was  determined  from  the  mean  of  the 
coupling  factors  as  determined  by  the  five  measurements  on  each  shot.  In 
all  cases  the  overpressure  was  reduced  to  standard  temperature  and  pres- 
sure before  comparison  to  the  standard  free  air  curve. 

Average  airblast  coupling  factors  F as  a function  of  charge  con- 

cl 

tainment  are  shown  in  Figure  5.  Similar  to  the  effects  noted  for  ground 

motion,  the  airblast  suppression  (enhancement)  was  strongly  influenced 

by  the  burst  position  in  the  containment  region  from  -2R  to  +R  . For 

c c 

bursts  higher  than  -2Rc  the  enhancement  asymptotically  approached  a 

maximum  value  of  twice  the  free  air  condition.  Suppression  was  substan- 
tial for  burst  positions  within  the  rock  where  containment  was  greater 
than  unity.  F was  about  1.3  for  the  surface  burst  (containment  equal 

to  zero). 

The  airblast  coupling  factor  was  independent  of  range  for  the 
relatively  small  spread  of  above-surface  positions  investigated;  however, 
as  the  containment  increased  F became  more  dependent  upon  the  specific 

range.  Increasing  containment  caused  a progressive  flattening  of  the 
peak  pressure  attenuation  with  range.  This  effect  limits  the  conclusion 
about  airblast  suppression  to  shallow  buried  bursts  (containment  about  1) 
or  less.  Extrapolation  to  greater  depths  of  burst  and  ranges  is  not 
warranted  with  this  data  base. 

Crater  Parameters 


The  true  crater  formed  by  an  explosion  is  defined  as  the  boundary 
of  the  crater  representing  the  limit  of  dissociation  of  the  medium  by  the 
explosion  (the  crater  prior  to  debris  fallback).  True  radius,  true  depth 
and  true  volume  are  parameters  used  to  define  the  true  crater.  As  with 


629 


Figure  5.  Airblaat  Coupling  Factor,  F , as  a Function 
of  Charge  Containment. 


motion  and  airblaat,  coupling  factors  best  illustrate  influence  of  burst 
position  on  crater  formation.  Crater  parameter  coupling  factors  as  a 
function  of  charge  containment  are  shown  in  Figure  6.  Simple  ratios  were 
used  to  derive  coupling  factors  for  radius,  F , and  depth,  F^;  however,  a 


cube  root  ratio  was  used  for  volume,  F 


1/3 


d’ 


to  allow  convenient  plotting 


and  to  show  more  clearly  the  relationship  between  volume  and  radiuu.  As 
seen  in  Figure  6,  the  region  of  greatest  crater  parameter  sensitivity  to 
charge  containment  (burst  position)  was  within  the  same  bounds  as  that 
of  both  airblast  suppression  and  ground  motion  enhancement,  i.e.,  -2R 

to  +2R  . The  depth  coupling  factor  was  somewhat  of  a surprising  exception 


to  this  observation. 


1/3 

The  depth  factor  followed  the  F^  and  F^  response 
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for  charge  containments  less  than  -0.5Rc,  but  was  relatively  independent 
of  containment  between  -O.SR^  and  +l,5Rc.  For  containment  greater  than 
+l,5Rc  the  crater  depth  factor  followed  a similar,  but  lower-valued  curve 

This  result  can  perhaps  be  re-stated  as  follows:  the  true  crater  depth 

remained  essentially  constant  for  charge  Burials  from  -0.5R  to  +1.5R  ; 

c c 

the  increase  in  true  crater  volume  resulted  from  increaoing  crater 
radius  with  depth  of  burst. 
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Figure  6.  Crater  Parameter  Coupling  Factor.  F .F  .F 
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a Function  of  Charge  Containment. 


Conclusions 


The  CENSE  I experiments  clearly  demonstrated  a strong  dependence 
of  burst  position  on  horizontal  ground  motion,  airblast  pressures  and 
crater  dimensions  for  near-surface  explosions  over  sandstone.  The 


strongest  Influence  was  observed  for  burst  positions  ranging  from 
two  charge  radii  above  the  surface  to  two  charge  radii  below  the  sur- 
face (-2R  to  +2R  ).  Within  this  interval,  tenfold  changes  were  noted 
c c 

in  the  horizontal  particle  motion  amplitudes,  airblast  suppression  and 
in  the  true  crater  radius . True  crater  volumes  increased  on  the  order 
of  one-hundred  fold  in  this  range.  Outside  this  containment  Interval 
coupling  factors  (as  defined  herein)  slowly  approached  their  respective 
asymptotic  limits. 

Two  explosion  effects  were  not  as  strongly  dependent  on  the  near- 
surface burst  position;  namely,  the  peak  vertical  particle  velocity  and 
the  true  crater  depth.  Peak  vertical  particle  velocities  were  determined 
to  be  independent  of  burst  containment  over  the  broad  range  of  burst 
positions  tested.  True  crater  depth  was  found  to  be  essentially  constant 

for  the  containment  interval  -0.5R  to  1.5R  . 

c c 

Future  Plans 


A test  series  using  similar  chaige  weights  and  experimental  procedures 
is  being  conducted  in  soil.  Effects  of  geologic  layering  will  be  studied 
later. 
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DAMAGE  POTENTIAL  FROM  REAL  EXPLOSIONS: 

TOTAL  HEAD  AND  PROMPT  ENERGY 

Mr.  F.  B.  Porzel 

Naval  Ordnance  Laboratory.  Silver  Spring,  MD 

INTRODUCTION 

Damage  to  targets  is  virtually  the  whole  point  in  explosive  . 
safety  and  in  military  applications.  To  diagnose  the  blast  variables 
that  control  damage  and  be  able  to  predict  them  quantitatively  thus 
becomes  the  focal  point  for  explosions  research.  Peak  pressure, 
Impulse,  dynamic  pressures,  positive  durations  and  all  the  familiar 
quantities  we  usually  measure  and  talk  about  are  only  a means  to 
the  end  product:  target  damage. 

Damage  potential  signifies  that  an  explosion  is  only  a capacity 
for  damage,  damage  depends  just  as  strongly  on  the  target  and  full 
damage  can  be  achieved  only  against  weakest  targets.  "Potential" 
also  implies  a capacity  for  work,  like  voltage  or  height,  which 
depends  only  on  the  end  state  and  is  independent  of  the  path  (or 
shape  of  the  integrand)  in  getting  there.  .Here,  the  hypothesis  is 
that  neither  the  damage  capacity  of  the  explosion  nor  the  response 
of  most  military  targets  will  depend  on  the  specific  pulse  shape 
in  loading,  but  mostly  on  an  integral  of  the  pulse,  like  impulse 
or  energy . 

Real  means  simply  non-ideal . The  classical  point-source  models 
of  an  explosion  as  a smooth,  expanding  ball  of  pressurized  gas  do 
not  work  even  for  nuclear  explosions  because  of  real  effects  like 
radiative  transport,  non-ideal  equation-of-state  and  mass  of  the 
bomb  and  its  surrounds  (LA  1664).  Nearly  any  photograph,  nuclear 
or  HE,  does  not  show  a transparent  ball  of  gas,  but  dramatizes  instead 
a host  of  effects  like  smoke  and  particulate  debris,  jetting,  after- 
burning, dust-loading  and  turbulence.  Table  1-2  of  NOLT'R  72-209 
lists  nearly  three  dozen  effects  which  may  be  necessary  to  describe 


real  explosion. 
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Total  head  and  prompt  energy  are  proposed  In  this  paper  as 
two  most  meaningful  properties  of  real  explosions  which  primarily 
control  the  damage  from  it.  Total  head  refers  to  the  shock  front 
(or  near  it)  and  here  means  the  sum  of  peak  side-on  overpressure 
plus  the  total  kinetic  energy,  not  Just  of  the  air  itself  but 
including  the  explosion  debris,  smoke,  case  fragments  and  all 
otner  particulate  matter  swept  outward  by  the  shock  and  helping 
to  drive  it  ahead.  Total  head  is  normally  defined  as  an  absolute 
pressure,  but  here  it  is  defined  as  an  overpressure.  It  resembles 
a stagnation  pressure  but  differes  algebraically .- 

Prompt  energy  is  a concept  introduced  in  the  unified  theory 
of  explosions  (UTE)  (NOLTR  72-209)  which  refers  to  the  blast  wave 
as  a whole  and  in  effect  is  the  capacity  of  the  wave  to  do 
mechanical  work  rapidly  enough  to  damage  targets.  Prompt  energy 
comprises  the  total  kinetic  energy  and  the  prompt  work  in  the  wave, 
is  integrated  over  the  shock  volume,  and  includes  the  effect  of  the 
added  mas 3 due  to  explosive  debris.  Prompt  work  is  that  part  of 
the  internal  energy  which  can  do  work  quickly  — either  on  the 
surrounding  air  or  on  an  exposed  target  — by  compressing,  deforming 
or  accelerating  the  surrounding  material;  it  does  so  by  virtue 
of  its  own  pressure  and  subsequent  expansion  along  the  real  thermo- 
dynamic path  it  follows  back  to  ambient  pressure  not  necessarily  an 
adiabat.  It  is  a fact  of  nature  that  not  all  the  energy  delivered 
to  the  material  by  the  shock  is  released  quickly  enough  to  support 
the  shock;  a fraction  remains  in  the  material  which  we  think  of  as 


"waste  heat".  The  prompt  energy  is  gradually  depleted  as  the 

shock  grows.  It  turns  out  in  the  unified  theory  of  explosions 

that  this  remaining  prompt  energy  fraction  controls  the  growth 

of  the  subsequent  shock  wave  and  makes  it  possible  to  relate  all 

kinds  of  explosions  in  many  different  media  and  configurations  - 

1/3 

explosions  v/hlch  could  never  be  scaled  by  the  familiar  W 
scaling  laws.  Most  useful  for  pioneering  research,  for  explosive 
safety  and  for  military  applications,  UTE  then  provides  a simple, 
uniform  way  to  make  quantitative  predictions  from  first  principles 
for  virtually  any  kind  of  explosion  without  specifying  pulse  shapes. 

We  turn  now  to  some  brief  reasons  why  total  head  and  prompt 
energy  are  suggested  as  damage  criteria,  to  some  predictions  of 
these  quantities  with  UTE,  and  to  some  comparisons  with  experimental 
results.  Finally,  we  will  summarize  these  speculations  with 
their  implications,  applications,  and  discussion  of  appropriate 
on-going  studies.  A main  import:  damage  does  not  appear  to  depend 

on  pulse  shape  either,  but  only  on  the  prompt  energy  in  the  wave. 
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TOTAL  HEAD 


Peak  overpressure  P is  probably  the  most  familiar  criterion  for 
damage  that  is  used  for  diffraction  targets  on  nuclear  explosions. 
The  dynamic  pressure  ^-pu2  is  for  drag  targets.  Here  we 

propose  that  their  sum,  loosely 

H = P + I'pu2 

is  a more  realistic  measure  for  damage.  More  precisely,  the 
density  of  air  in  this  expression  is  weighted  to  include  the 
mass  M of  debris  in  the  wave  relative  to  the  mass  of  air  -^-p 0 R 
engulfed  by  the  shock,  that  is 


H = P + ipu2 


1 + 


M 


The  compelling  reason  for  using  total  head  instead  of  static 
or  dynamic  pressure  is  because  that  is  what  the  target  "sees  and 
all  it  cares  about".  The  force  on  the  target  is  due  to  the  impact 
of  molecules]  the  separation  of  their  velocities  into  a purely 
random  divergent  fraction  which  we  call  pressure,  manifest 
as  a force  per  unit  area,  and  a directed  component  we  call 
kinetic  energy  is  a human  artifice,  highly  useful,  but  a distinction 
of  which  the  head-on  target  is  blissfully  unaware.  Nor  does  the 
targec  know  the  name  of  the  Impacting  particle  — whether  air 
molecule,  smoke,  debris  or  fragment;  all  that  counts  in  Initially 
stressing  the  target  is  the  velocity  of  the  particle  and  its  mass. 
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Figures  1 and  2 will  show  the  mass  effect,  a controlling 
effect  of  simply  adding  inert  mass  to  an  explosive,  mass  which  is 
itself  neither  an  energy  source  nor  sink  except  for  what  energy 
it  absorbs  and  stores  as  internal  energy  (heat)  or  kinetic  energy. 
The  curves  were  calculated  for  1 megacalorie  yield,  roughly  1 kilo- 
gram of  high  explosive,  using  UTE  with  spherical  symmetry  and 
varying  the  mass  for  representative  values  of  yield/mass  ratio. 

The  yield/mass  ratio  Y/M  is  tho  effective  heat  of  explosion,  i.e., 
energy/total  mass  of  explosive.  Yield  Itself  is  the  blast  energy 
actually  delivered  to  the  surrounding  air  (and  other  targets) . 

The  units  for  Y/M  are  the  classic  1000  cal/gm  that  was  used  to 

define  the  nuclear  kiloton:  10^  cal/gm  ■ 10^  cal/kg  ■ 10^  oal/'ton 

12 

* 10  cal/KT.  The  representative  values  for  Y/M  shown  on  the 
figures  correspond  to  physical  cases: 

| >>1,  nuclear  explosion,  nearly  a point  source  of 


energy,  near  zero  mass 


Y/M 


1,  typical  high  explosive,  like  II— 6 . (TNT  yields 
only  720  cal/gm) 

0.1,  heavily  cased  bomb  or  warhead 

0.01,  heavily  covered  explosion,  100  kg  surrounding 

1 kg  HE,  also  a pressurized  tank,  or  very  low  energy 


I explosive. 

Because  the  curves  were  calculated  for  Y • 1 megacalorie  exactly, 
they  correspond  to  1 kg  nuclear.  Familiar  cube  root  scaling  applies 
so  the  same  curves  apply  to  kilotons  if  the  distances  are  read  in 


meters  Instead  of  centimeters. 
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Figure  1 shows  the  peak  overpressures  (bars  on  the  left, 
psi  on  the  right)  versus  distance  (cm  scale  at  the  bottom,  feet 
at  the  top).  Nuclear  explosions,  of  course,  produce  by  far  the 
highest  pressures  close-in.  Note  the  systematic  reduction  in 
close-in  pressure  due  to  diluting  the  energy  density  by  adding 
inert  mass.  Note  also  the  corresponding  increase  in  far  field 
pressures  for  massive  explosions.  This  is  because  the  dissipation 
of  shock  energy  into  waste  heat  is  a strong  function  of  pressure; 
due  to  the  lower  pressures  close-in,  the  massive  explosions 
dissipate  relatively  less  energy  at  early  times  and  leave  more 
prompt  energy  to  drive  the  shock  wave  at  late  times. 

Figure  2 shows  the  corresponding  curves  for  total  head. 

The  outstanding  result  here  is  that  the  total  head  for  the  massive 
explosions  (Y/M<_1)  is  much  higher  close-in,  everywhere  exceeds 
that  from  a point  source,  cr  a nuclear  explosion.  The  gain  in 
efficiency,  seen  only  in  the  far  field  for  side-on  pressure,  is  also 
manifest  close-in  for  total  head.  The  reason  for  the  increase: 
the  addition  of  massive  debris,  which  reduces  peak  pressure  and 
material  velocity,  makes  a corresponding  increase  in  overall  density 
The  addition  of  inert  mass  is,  in  fact,  hydrodynamlcally  a more 
efficient  means  to  drive  the  shock  energy  outward. 

We  caution,  however,  that  these  curves  apply  only  to  the 
addition  of  inert  mass.  They  do  not  Include  the  energy  losses  due 
to  unrecovered  heat  and  kinetic  energy,  to  endothermic  phase  changes 
to  rupture  energies  and  similar  energy  sinks  which  would  reduce  the 
prompt  energy  available  at  late  times. 


The  author  is  not  aware,  but  would  appreciate  learning,  of 
any  direct  measurements  of  total  head  which  are  suitable  for 
comparison  with  the  predictions  of  Figure  2.  But  we  can  do  almost 
as  well  by  comparisons  with  measured  values  of  normally  reflected 
pressure,  where  the  dynamic  pressure  is  stagnated  by  the  shock 
reflection  and  becomes  manifest  as  static  pressure. 

Figure  3 is  adapted  from  a report  by  Wenzel  and  Esparza 
showing  the  normally  reflected  peak  pressure  close  to  HE  charges. 

It  provides  a convenient  set  of  measurements  to  test  the  overall 
validity  of  three  UTE  ideas  — calculation  of  the  shock  front  from 
first  principles,  effect  of  mass  in  enhancing  the  total  head  and  a 
simple  rule-of-thumb  for  relating  reflected  pressure  PR  with  total 
head  H namely:  PR  - 2 H.  The  squares,  circles,  spreads,  and  full 
lines  show  experimental  results  from  spherical* and  pancake  pento- 
lite  charges  (SwRI  Project  02-3132),  along  with  measurements 
reported  by  Ballistic  Research  Laboratory  (BRL  1^99).  The  lower 
dashed  curve  is  Granstrom’s  well-known  data  for  TNT  (Granstrom) . 

The  upper  dashed  curve  is  taken  directly  from  Figure  2,  for  Y/M  « 1, 
simply  doubling  the  total  head  to  estimate  the  reflected  over- 
pressure. Considering  the  uncertainties  of  both  theory  and 
measurements  at  these  enormously  high  pressures  (10^  psi),  t h- 
agreement  is  very  reassuring  and  virtually  witnin  experimental 
variations . 

More  than  that,  the  differences  found  here  are  in  the  expected 
directions  and  are  of  the  right  magnitude.  First,  all  curves  here 
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have  been  scaled  to  a common  basis,  one  pound  mass,  on  this  figure; 
except  for  minor  differences  in  explosive  efficiency,  they  should 
reasonably  agree  at  long  distances  and  they  do.  But  TNT  has  a 
yield  about  .85  that  of  pentolite,  so  its  close-in  pressures  should 
lie  about  15#  below  the  pentolite  pressures;  they  do.  The 
theoretical  explosive  Y/M  = 1 is  about  20#  more  energetic  than 
pentolite  and  pressures  should  start  about  20#  higher.  They  are 
higher,  but  what  we  see  here  is  more  interesting  yet:  the  effects 

of  afterburning  and/or  the  explosion  not  being  fully  developed. 
Calculations  with  UTE  show  that  if  TNT  and  pentolite  were  balanced 
explosives  and  released  their  full  yields  instantaneously,  as 
presumed  in  the  theoretical  explosive,  then  the  cross-overs  noted 
in  Figure  1 would  already  have  occurred  by  one  foot  or  so  from 
the  charge.  But  about  25#  of  the  energy  of  TNT  and  pentolite  comes 
f^om  afterburning  of  explosive  debris  in  atmospheric  oxygen;  the 
detonation  releases  only  about  75#  of  their  eventual  blast  yield. 

At  one  foot  or  so  from  a one  pound  charge,  far  too  little 
atmospheric  oxygen  (a  few  percent)  is  available  to  burn  the  excess 
carbon  in  the  debris;  both  TNT  and  pentolite  should  lie  about  25# 
or  so  below  the  theoretical  curve  on  that  account.  When  the  shock 
has  grown  to  several  feet,  enough  atmospheric  oxygen  is  available 
to  realize  most  of  the  afterburning;  the  curves  should  come 
together  around  that  distance,  and  they  do.  This  extra  pulse  of 
afterburning  energy  is  also  manifest  as  a second  brightening  of 
the  TNT  pulse. 
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Here  we  see  good  agreement  of  measurements  with  predictions 
from  UTE,  in  a range  where  the  mass  effect  makes  a difference  of 
a hundred  fold  in  the  total  head.  Yet*  close-in  predictions  for 
this  explosion  were  good  enough  to  show  the  effect  of  afterburning. 
In  these  days  of  short  budgets,  we  also  note  that  all  the  UTE 
calculations  shown  here  cost  less  than  $10.00  machine  time, 
included  a detailed  print-out  of  the  results. 
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PROMPT  ENERGY 


The  compelling  reason  for  suggesting  prompt  energy  to 
characterize  damage  is  by  definition:  it  is  the  capacity  of  the 
explosion  to  do  mechanical  work  on  either  the  surrounding  air,  or 
on  a target.  Among  contender  criteria,  pressure  alone  cannot 
specify  damage;  pressure  can  be  enormously  high,  yet  applied 
for  too  short  a time  to  drive  the  target  beyond  its  elastic  limits. 
Impulse  alone  cannot  specify  damage;  the  duration  can  be 
infinitely  long  (such  as  in  a pressure  vessel)  and  still  no 
damage  be  done.  Damage,  permanent  changes,  always  seem  to  be 
characterized  by  work  or  energy;  they  require  a force  and  a 
displacement  large  enough  to  exceed  elastic  limits;  in  other 
words  i ey  are  characterized  by  f P dx  or  a deformation  energy. 

The  very  existence  of  stress-strain  curves  is  a definitive 
case  in  point.  They  are  an  elemental  portrayal  of  damage,  showing 
deformation  x (strain)  versus  loading  P (stress).  The  failure  of 
the  material  is  described  by  the  integral  under  the  curve  as  a 
deformation  energy  J" P dx.  Time  does  not  even  appear  except  in 
a higher  stage  of  sophistication  where  the  curve  itself  may 
depend  on  time.  But  even  then,  the  failure  depends  on  an  energy, 
f P(x,t)dx,  not  an  impulse,  f Pdt. 

An  intrinsic  part  of  UTE  is  that  the  prompt  energy  Y(R),  and 
thus  the  capacity  of  the  wave  for  doing  damage,  is  gradually 
converted  to  delayed  energy.  The  fraction  Y/Y0  of  the  original 
yield,  Yfl,  remaining  in  the  wave  at  distance  R Is  shown  in  Figure  k 
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for  various  Y/M  ratios.  The  uppermost  ordinate  is  the  initial 
yield,  that  is  Y/Y0  * 1;  the  center  ordinate  is  Y/Y0  = .1,  and 

the  bottom  ordinate  is  Y/Y0  = .01.  We  see  that  only  a few  percent 

of  the  original  blast  energy  is  still  available  near  the  right 
side  of  the  figure,  which  corresponds  to  a few  psi  overpressure. 

The  lowest  curve  here  is  the  nuclear  case;  it  starts  with  a 

1 /?  -1 
behavior  like  Y 'v  R ' close-in,  and  Y decreases  as  R in  the 

weak  shock  regime.  The  upper  lines,  for  yield/mass  ratios  of  1, 

.1  and  .01,  show  directly  the  increase  in  blast  efficiency  due  to 
adding  inert  mass  or  surrounds  to  the  explosive.  Again  the 
caution,  losses  in  the  surrounds  can  more  than  offset  this 
inherent  increase  in  hydrodynamic  efficiency.  The  well-established 
fact  that  nuclear  explosions  are  loss  efficient  than  HE  is  shown 
here  by  the  factor  of  3 displacement  of  the  nuclear  curve  (lowest) 
below  the  curve  for  Y/M  * 1. 

The  question:  "Which  characterises  damage  best,  prompt  energy 
Y(R)  or  impuxse  1(H)?"  turns  out  to  have  a highly  convenient 
answer.  The  two  quantities  can  be  shown  to  be  closely  related 
by  a nearly  constant  factor  K,  that  is 

-1^ K 

4ttR2U1(R) 

where  U is  the  shock  velocity.  In  other  words,  if  the  impulse 
J Pdt  results  in  a change  in  momentum  in  the  wave,  and  it  does, 
this  energy  can  be  regarded  as  a momentum  flux,  and  U is  the  phase 
velocity . 
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Figure  5 is  a test  of  this  relation,  to  test  whether  ♦‘he 
dimensionless  ratio  K is  in  fact  a constant  as  expected  theoreti- 
cally, and  to  establish  the  value  of  the  constant  empirically. 
Here  again,  there  are  no  direct  measurements  available  for  total 
loading.  However,  Granstrom  does  give  positive  and  negative 
reflected  impulses,  for  which  the  dynamic  pressure  is  stagnated 
and  appears  as  reflected  pressure.  By  the  same  rule-of-thumb 
used  to  relate  the  peak  reflected  pressure  with  the  peak  total 
head,  the  net  reflected  impulse  was  divided  by  2 as  an  estimate 
for  the  net-incident  impulse  I(R).  The  lower  full  line  is  the 
value  Y(R)/ltirR2U  calculated  with  UTE;  the  dashed  line  is  the  same 
value  multiplied  by  a numerical  factor  2.4.  The  circles  are 
representative  points  from  Granstrom* s data.  The  figure  shows 
that  the  two  quantities  are  in  fact  closely  related  by  a nearly 
constant  factor;  if  damage  is  characterized  by  one  quantity,  it 
will  be  equally  well  characterized  by  the  other,  using  K,  U,  and 
R as  indicated. 

It  also  follows  that  if  damage  is  characterized  by  the 
prompt  energy,  as  found  here,  then  damage  predictions  do  not 
require  the  detailed  shape  of  the  pressux  ix-txme  history:  damage 
will  depend  only  on  an  integral  value  such  as  energy  or  impulse. 

Direct  measurement  of  target  damage  with  distance  and  yield 
would  provide  a definitive  test  of  the  prompt  energy  criterion. 
But  such  data  are  sparse  and  somewhat  ambiguous.  However,  long 
accumulation  of  experience  in  the  blast  trade  does  come  close  to 
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a corroboration  that  for  high  explosives  at  least,  damage  is 
characterized  better  by  energy  than  by  peak  pressure  or  Impulse. 
First  note: 

1)  If  damage  were  characterized  by  peak  pressure,  then 

l/o 

similar  pressures  occur  at  distance  R 'v  YQ  ; hence 

l/o 

similar  damage  would  occur  at  distances  R 'v  YQ  , or 

l/o 

wherever  Yq j/R  = constant. 

2)  If  damage  were  characterized  by  impulse,  the  extra 
dimension  of  time  Implies  that  similar  impulse  occurs 

p/o 

at  distance  R ^ YQ/J,  and  damage  distance  would  increase 
as  R 'v  Yq/3. 

3)  If  damage  were  characterized  by  prompt  energy,  then  as 
we  will  show  later,  the  damage  radius  would  behave  as 

R ^ yq  , | 1 n <_  | , 

depending  on  how  Y(R)  decays  with  R. 

Two  sources  of  experience  on  blast  damage  suggest  that  the 

energy  criterion  is  more  nearly  correct.  In  evaluating  underwater 

explosion  damage  against  ships,  and  on  a purely  empirical  basis, 

1/2 

a keel  factor"  Y^  /R  is  used;  similar  damage  is  said  to  occur 

l/o 

at  the  same  values  of  keel  factor,  in  other  words,  where  H 'v  Yq  , 
this  is  essentially  an  energy  criterion. 

Perhaps  the  most  comprehensive  compilation  of  damage  data  was 
made  by  0.  T.  Johnson  (BRL  1 3 89 ) - He  considered  a number  of 
basically  different  generic  types  of  targets  such  as 
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Simple  structures 
Wire  drag  gauges 


Aluminum  beams 


Aluminum  cylinders 


Complex  structures 


Dish  radar  antenna 


B-29  fuselage  section 
2 1/2  ton  trucks 


On  a purely  empirical  basis,  Johnson  found  a blast  damage 


relationship  which  requires,  in  our  terminology,  R ^Y 


.435 


as  an 


average  for  all  classes.  I take  this  to  be  sensible  agreement 
with  R 'v.  yn,  at  least  as  a first  approximation  for  soft  targets. 
Also,  the  individual  classes  of  targets  appear  to  spread  over 
the  range  ~ <_  n <_ 

Here  is  the  argument  for  damage  distance  with  the  prompt 
energy  criterion.  Suppose  that  the  prompt  energy  decays  with 


distance  R as 


mi  Jh)n . 
VR/  • 


from  Figure  4,  0 < n < 1 


Y(R)  is  the  prompt  energy  in  the  wave;  the  damage  will  depend 
on  the  flux  density  or  Y(R)  / 4trR2.  It  follows  that 


X * _ JL. 

K2  R«+2 


Thus  similar  values  of  flux  density  Y/Rd  will  be  found  wherever 


R Y 


1/ (n+2 ) m 


. That  is,  damage  distance  will  vary  as  R ^ Yq  when 


n = 0 and  will  vary  as  R ^ Y^  J when  n = 1.  This  is  the  spread  I 
find  in  examining  Johnson's  data. 

The  qualification  "potential"  is  particularly  appropriate  for 
prompt  energy  because  potential  has  also  come  to  mean  an  integral 
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quantity  — work,  potential  energy  of  height,  voltage  — which 
is  independent  of  the  path  that  was  followed  in  arriving  at  that 
state.  Here,  "potential"  implies  that  the  integral  of  the  total 
head  for  loading  the  target,  not  the  shape  of  the  total  head  vs 
time  curve,  characterizes  the  damage. 

In  1970,  Youngdahl  described  a calculaticnal  technique  for 
characterizing  transient  loads  required  to  cause  given  levels  of 
of  plastic  deformation  to  structures  (JAM,  1970).  He  found  a 
number  pair  representing  the  effective  impulse  and  the  "effective 
load"  which  could  be  used  to  provide  a very  good  measure  of  damage 
potential,  which  applied  to  four  typical  modes  of  failure,  and  which 
was  Independent  of  the  shape  of  the  time  history  of  loading. 

Cummings  and  Schumacker  extended  the  work  of  Youngdahl,  and 
found  it  consistent  with  earlier  work  by  Sperrazza,  Baker,  and 
0.  T.  Johnson. 

The  connection  with  the  prompt  energy  criterion  Is  partly 
because  Youngdahl’ s correlation  parameters  seem  to  be  energy 
criteria.  Beyond  that,  for  the  softest  targets,  the  critical 
values  of  loading  will  be  the  ambient  pressure  and  thus  the  time 
of  loading  will  extend  into  the  positive  and  negative  phases  of 
the  wave.  In  that  case  the  "effective  impulse"  becomes  the  net 
impulse  of  the  wave,  which  as  we  ha /e  related  to  the  prompt  energy 


in  the  wave. 


SUMMARY 


The  familiar  stress-strain  curves  are  the  simplest,  least 
ambiguous  kinds  of  damage  curves  and  do  not  contain  time.  While 
some  time-dependent  effects  are  known,  this  is  direct  relevant 
eviue..oe  that  to  a first  approximation  at  least,  the  stress-strain 
curves,  adiabats  etc.,  are  essentially  independent  of  the  time 
history  of  the  loading.  The  strain  or  deformation  are  uniquely 
related  to  a deformation  energy  and  are  virtually  independent  of 
impulse. 

Damage  appears  then  to  behave  like  a great  many  other  similar 
physical  effects  that  depend  on  an  overall  energy,  or  an  integral 
quantity  and  not  upon  the  shape  of  the  integrand.  These  effects  are 
characterized  by  threshold  energies,  which  must  be  exceeded 
before  permanent  changes  occur.  Among  such  threshold  quantities  are 

1)  all  latent  heats:  vaporization,  freezing,  sublimation 

2)  ionization  potentials 

3)  phase  changes 

4)  energies  of  activation. 

These  facts  certainly  seem  relevant  to  damage  criteria,  and  if  so, 
great  simplification  can  ensue  for  damage  measurements.  There  will 
be  no  strong  requirement  to  simulate  the  shape  or  duration  of  the 
blast  wave  directly  for  damage  studies.  We  require  mainly  that 
some  threshold  loading  be  exceeded  by  the  total  head  and  that  the 
prompt  energy,  the  excess  prompt  energy  perhaps,  be  determined  for 
the  simulator,  for  which  UTE  methods  are  readily  available. 


Based  on  the  results  of  Figures  1 a>,d  2,  as  well  as  the 
above  arguments  for  insensitivity  to  time  effects,  it  does  not 
appear  likely  that  explosions  can  significantly  be  optimized 
or  that  blast  effectiveness  be  much  improved  by  tailoring  the 
pressure-time  curves.  By  the  same  token,  damage  predictions 
for  safety  purposes  can  be  all  the  more  reliable  because  the 
damage  will  not  depend  on  timing  or  other  details  of  the  energy 
release,  but  depend  almost  entirely  upon  the  blast  energy  released. 

Among  other  applications  of  these  damage  criteria  are: 

1)  With  reasonable  estimates  for  the  energy  loss  in  casings, 
earth  covers  and  other  surrounds,  damage  from  many  explosion 
configurations  can  be  predicted  cheaply,  quickly,  ana  reliably  using 
UTE. 

2)  So  in  many  cases,  precise  blast  simulators  i.re  not  really 
required.  Many  types  of  blast  simulators  will  be  adequate  to  establish 
damage  vs  load  curves,  provided  the  total  head  and  prompt  energy  they 
deliver  is  determined  and  used  as  the  input  variable. 

3)  Direct  tools  are  now  available  with  UTE  techniques  for 
measuring  the  energy  loss  in  casings,  earth  covers,  blast  shields, 
and  in  many  other  surrounds,  by  evaluating  the  prompt  energy  for 
the  explosive  with  and  without  the  surrounds. 

Among  the  on-going  work  which  needs  tc  be  done  are: 

1)  Extend  the  predictions  made  here  to  include  losses  in  the 
explosive  surrounds. 

2)  Compile  tables  and  graphs  which  are  convenient  for 
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engineering  applications  to  safety  pi'oblems.  Among  such  tables 
are: 

a.  Total  head  as  a function  of  incident  angle 

b.  Total  head  height  of  burst  curves 

c.  Total  head  vs  time  for  typical  energy  inputs. 

3)  Compile  and  catalog  the  total  head  and  prompt  energy 
required  to  achieve  damage  for  a comprehensive  list  of  targets 
for  military  and  safety  purposes. 

Devise  meaningful  experiments  to  measure  damage  directly. 

On  the  basis  of  the  studies  reported  in  this  paper,  we 
conclude : 

1)  Total  head  is  a more  meaningful  criteria  for  threshold 
loading  than  peak  pressure  or  dynamic  pressure  taken  separately, 
or  by  Ignoring  loading  due  to  debris. 

2)  The  prompt  energy  appears  to  correlate  well  with  degree 
of  damage . 

3)  The  rule-of-thumb;  reflected  pressure  *2  x total  head, 
anpears  a useful,  reliable  means  to  estimate  the  reflected  pressure 
in  debris  laden  explosions. 

A most  useful  insight  gained  in  this  study  and  an  aid  to 
understanding  damage  mechanisms:  energy  and  momentum  are  not 

Independent  quantities,  energy  is  simply  momentum  flux.  A main 
import:  pulse  shapes  are  not  necessary  to  predict  damage  for  a wide 

range  of  responsive  targets.  Both  the  pressure-distance  curves 
and  the  damage  from  an  explosion  are  specified  by  the  prompt  energy  Y(R). 
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TOTAL  HEAD-ON  OVERPRESSURE  (BARS) 
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FIG.  2 TOTAL  HEAD  VS.  DISTANCE  FOR  REPRESENTATIVE  YIELD/MASS  RATIOS. 
(Total  head  here  means  side-on  overpressure  plus  total  dynamic  pressure. 

Calculatioi  s were  made  with  unified  theory  of  explosions  for  1 megacalorie 
instantaneously  released  in  inert  masses  of  0.001,  1,  10  and  100  kilograms. 
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FIG.  3 COMPARISON  OF  PEAK  REFLECTED  PRESSURE  FOR  1 LB  PENTOLITE 
TNT,  AND  1000  cal/gm  INSTANTANEOUS  SOURCE. 

(The  lower  initial  prrssure  for  TNT  and  Pentolite  are  attributed  to  lower  yieid/mass  ratios, 
to  afterburning  and/or  explosion  being  formed.) 


INITIAL  YIELD 


FIG.  4 PROMPT  ENERGY  FRACTION  VS.  DISTANCE  FOR  REPRESENTATIVE  YIELD/MASS  RATIOS. 
(Calculated  with  UTE  (NOLTR  72-209)  for  yield  of  1 megacslorie  in  inert  masses  of  0.001, 1, 10  and 
100  kilograms.  No  allowance  for  energy  source  or  sink  in  the  surrounds. 
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FIG.  5 COMPARISON  OF  TOTAL  IMPULSE,  MEASURED  VS.  UTE  CALCULATION. 
(The  dashed  line  is  a test  of  the  theoretical  relation  Y(R) 


4ttr2ui  (R) 


- CONSTANT 


for  f>  strong  short  and  an  ideal  air,  K = 2.4  is  the  tlieoretical 
estimate,  and  is  found  consistent  with  Granstroms  data. 
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CRITERIA  FOR  SAFETY  AND  ENVIRONMENTAL  HAZARDS 
IN  FIELD  TESTING 

George  A.  Young 
Naval  Ordnance  Laboratory 
White  Oak,  Silver  Spring,  Maryland  20910 

In  the  past,  plans  for  the  field  testing  of  explosives,  or  for  any 
activity  involving  the  manufacture,  transportation, or  storage  of  explosives, 
required  consideration  of  the  possible  damaging  effects  of  an  explosion 
and  the  safety  of  personnel.  Explosion  effects  that  were  not  damaging  were 
often  ignored  unless  they  led  to  complaints  from  nearby  residents. 

However,  since  the  passage  of  the  National  Environmental  Policy  Act  of 
1969,  and  subsequent  laws  and  directives,  we  are  also  required  to  consider 
the  effects  of  explosive  operations  on  both  the  environment  and  on  the 
ecology  of  a region  prior  to  the  initiation  of  the  work.  When  we  prepare 
an  environmental  impact  assessment  we  must  not  only  evaluate  health  and 
safety  but  a variety  of  other  aspects,  including  such  intangibles  as  effects 
on  the  quality  of  life.  The  net  result  will  be  to  raise  the  standards 
considerably  and  to  make  certain  procedures  unacceptable  in  the  future. 

These  environmental,  laws  have  forced  us  to  take  a more  comprehensive 
view  of  explosion  phenomena  and  to  examine  some  effects  that  have  been 
neglected  in  military  studies.  In  this  effort,  we  have  encountered  problems 
of  defin  ion  and  of  establishing  criteria,  and  often  have  no  guide-lines 
that  apply  to  our  unique  circumstances.  To  begin,  I have  listed  four 
general  categories  of  explosion  phenomena  on  the  first  SLIDE  (l). 

My  own  experience  has  been  mainly  in  underwater  testing,  and  the  next 
SLIDE  (2)  lists  some  of  the  damaging  effects  of  military  importance.  Tents 
on  land  have  a similar  phenomenology. 

It  is  not  always  easy  to  distinguish  between  safety  aspects  and 
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environmental  effects,  and  the  next  SLIDE  (3)  provides  some  guide  lines. 

In  both  cases,  the  effects  may  be  difficult  to  define  and  to  quantify. 

In  regard  to  safety,  the  criteria  for  a possible  accidental  explosion 
differ  from  those  for  controlled  detonations  in  a test  program.  Military 
damage  data  are  helpful  here,  but  we  are  concerned  with  much  lower  levels 
of  damage.  Some  of  the  phenomena  of  interest  are  listed  in  the  next 
SLIDE  (it). 

The  following  are  what  I consider  to  be  environmental  effects  (SLIDE  (5)). 
(You  will  note  that  some  items  appear  on  almost  every  list). 

What  I have  called  nuisance  effects  (SLIDE  6)  might  be  termed  environ- 
mental  effects  by  others,  but  I'm  referring  mainly  to  occasional  transient 
events  that  do  not  harm,  but  could  be  offensive  to  the  public.  They  may 
result  in  complaints  if  they  occur  repeatedly.  In  this  case,  they  affect 
the  quality  of  life  and  move  into  the  environmental  category. 

In  my  discussion,  I will  be  concerned  only  with  safe  distances  and 
not  with  procedures.  In  the  case  of  safety  from  accidental  explosions, 
quantity-distance  tubles  and  other  guide-lines  are  available,  but  no 
handbook  has  been  written  for  field  tests.  We  rely  heavily  on  experience 
and  predictions  of  the  phenomenology. 

The  shock  wave  in  air  falls  in  all  four  effects  categories,  ranging 
from  damaging  high  pressures  at  close-in  positions  to  low  noise  levels  at 
long  ranges.  Noise  is  a common  problem  in  all  testing,  though  it  doubtless 
is  of  greater  concern  with  explosions  on  land.  The  next  SLIDE  (7)  lists 
3ome  low-pressure-level  shock  wave  phenomena  at  typical  pressure  levels. 

A decibel  scale  is  shown  for  comparison. 

The  decibel  scale  is  used  for  sound  waves  and  the  decibel  criteria 
developed  for  exposure  to  industrial  and  environmental  noise  are  based 
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on  repetitive  or  continuous  events.  In  the  case  of  shock  waves,  there  axe 
variations  in  effects,  depending  on  the  rise  time  and  duration  of  the  pulse. 
With  explosives,  this  varies  with  the  charge  weight  and  range. 

Exposed  personnel  can  stand  relatively  high  shock  wave  pressures 
without  harm, although  ears  are  relatively  sensitive.  For  protection  from 
secondary  effects  such  as  breaking  glass,  a level  of  0.01  psi  should  provide 
adequate  safety.  When  the  public  is  exposed  to  levels  above  0.001  psi, 
individuals  could  be  startled  by  the  unexpected  sound,  just  as  in  the  case 
of  a sonic  boom  or  a nearby  lightning  strike.  Pressure  levels  below 
0.001  psi  are  in  the  nuisance  category  and  could  be  viewed  aB  affecting 
the  quality  of  life.  Therefore,  from  environmental  considerations,  a 
minimum  distance  equivalent  to  0.001  psi  from  occasional  tests  should 
be  considered.  If  explosion  tests  are  frequently  conducted  in  the  same 
location,  0.0001  psi  might  be  a more  appropriate  criterion. 

The  next  SLIDE  (8)  gives  an  indication  of  the  distances  involved  for 
surface  bursts.  The  curves  for  inhabited  buildings  located  in  the  vicinity 
of  magazines  are  based  on  published  quantity  — distance  tables.  In  the 
case  of  magazines,  these  distances  provide  a high  degree  of  protection  from 
structural  damage  and  from  death  or  serious  injury,  but  they  do  not  provide 
protection  from  glass  breakage.  They  are  considerably  less  than  those 
based  on  consideration  of  safety  or  noise  from  controlled  explosions. 

Noise  is  not  a problem  in  underwater  testing  unless  the  explosions  are 
relatively  shallow.  The  SLIDE  (9)  shows  that  the  noise  level  drops  off 
rapidly  with  increasing  depth.  For  the  1000-lb  weight  shown,  distant 
noise  should  become  negligible  at  depths  exceeding  50  feet,  or  a reduced 
depth  of  5.0  ft/lb^^  ( depth /charge  weight 
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I should  emphasize  that  the  calculated  ranges  are  based  on  the  absence 
of  any  refraction  or  focussing  effects  in  the  atmosphere.  If  possible, 
tests  should  not  be  conducted  when  these  conditions  are,  present. 

In  addition  to  air  blast  effects,  damage  con  be  done  at  a distance  by 
fragments  of  weapon  cases  when  explosions  take  place  on  the  surface  or 
at  relatively  shallow  depths  in  water  or  soil,  and  ti'y  ejecta  over  a 
wider  range  of  conditions.  Data  on  both  effects  are  limited  and  show 
considerable  scatter.  The  SLIDE  (10)  shows  a curve  published  by  Jarrett  (1968) 
for  safety  from  fragments,  based  on  the  assumption  that  only  one  fragment 
would  exceed  this  range.  This  should  hold  for  water  surface  as  well  as 
land  surface  bursts  of  cased  charges.  The  few  data  points  on  fragment 
distances  from  underwater  tests  are  consistent  with  this  reault. 

The  range  of  ejecta  from  bottom  explosions  is  less  than  the  distance 
reached  by  fragments,  and  both  hazards  should  tie  absent  if  -uhe  reduced 
depth  exceeds  about  3-0  ft/lb1^. 

The  effects  of  explosions  on  the  seabed  ecology  should  be  limited  tc 
the  crater  and  a surrounding  area  of  disturbed  sediment  and  heavy  ejecta 
deposit.  The  slide  includes  estimates  of  these  ranges  for  shallow  water 
explosions  on  sand  or  clay.  In  general,  it  appears  that  safe  distances 
exceed  the  range  of  ecological  effects  in  this  case.  However,  these  cannot 
be  ignored,  and  the  best  procedure  is  to  utilize  regions  that  are  relatively 
barren  of  marine  life. 

When  we  discuss  chemical  pollution  of  the  air  and  water  environment 
by  explosions  we  run  into  difficulties  because  of  the  nature  of  the  phenomena 
and  the  absence  of  standards  developed  specifically  for  this  case.  Criteria 
established  by  the  Occupational  Safety  and  Health  Administration  are 
applicable  mainly  to  continued  exposure  of  industrial  employees  to  hazardous 


gases  and  other  materials.  However,  the  Threshold  Limit  Values  published 
by  OSHA  and  other  organizations  are  useful  criteria  for  explosions  that 
eject  products  into  the  air  because  the  TLV  represents  a concentration  to 
which  nearly  all  workers  may  be  repeatedly  exposed  during  an  8-hour  day 
without  adverse  effects.  As  any  possible  exposure  to  the  cloud  of  products 
formed  by  an  explosion  would  be  very  brief,  concentrations  higher  then 
the  TLV  would  be  acceptable  if  they  could  not  be  avoided.  When  explosion 
products  are  deposited  in  water,  we  are  guided  by  criteria  developed 
by  the  Water  Quality  Office.  These  vary  with  the  usage  of  the  body 
of  water,  but  those  published  for  recreation  or  fisheries  are  the  most 
appropriate  here,  as  we  do  not  do  our  testing  in  the  public  water  supply. 

As  the  actual  percentages  of  explosion  products  in  air  and  water 
have  not  been  measured,  we  make  use  of  theoretical  values  and  data  obtained 
in  calorimeters.  For  underwater  test  planning  we  simplify  the  approach 
by  examining  two  extreme  conditions,  each  of  which  constitutes  a probable 
"worst  case".  For  example,  if  an  explosion  is  relatively  shallow,  almost 
all  of  the  products  are  ejected  to  the  atmosphere  to  form  a roughly 
spherical  smoke  crown  (SLIDE  11 ) — this  cloud  is  carried  downwind  and  is 
diluted  by  atmospheric  turbulence. 

When  an  explosion  is  relatively  deep,  virtually  all  of  the  products 
are  deposited  in  a surface  pool  that  moves  with  the  current  and  is  diluted 
by  turbulence  in  the  sea.  The  SLIDE  ( 12 ) shows  such  a pool,  colored  by  a 
dye  tracer. 

A safe  distance,  therefore,  would  be  a distance  at  which  the  maximum 
concentrations  in  the  cloud  or  pool  reach  safe  levels.  The  SLIDE  (13 ) 
lists  the  gaseous  explosion  products  of  TNT  and  the  estimated  initial 
concentrations  in  the  smoke  crown.  The  concentrations  are  independent  of 


charge  weight,  but  the  radius  of  the  crown  is  proportional  to  the  cube  root. 

The  products  of  TNT  are  in  general  not  hazardous  after  they  are  diluted 
by  the  initial  rapid  expansion  of  the  crown.  In  the  table,  only  carbon 
monoxide  is  potentially  harmful,  but  the  concentration  should  be  reduced 
to  the  TLV  of  50  ppm  after  the  cloud  has  traveled  downwind  a relatively 
short  distance  as  shown  in  the  SLIDE  (lL).  Even  if  we  employ  the  EPA 
Ambient  Air  Quality  Standard  of  a maximum  8-hour  concentration  of  9 ppm, 
the  range  is  not  excessive.  For  these  shallow  explosions,  other  safety 
and  environmental,  considerations  greatly  outweigh  the  hazard  from  chemical 
pollution  of  the  atmosphere. 

A similar  situation  holds  if  all  of  the  products  ere  deposited  in  the 
water,  as  shown  in  the  next  SLIDE  (15).  I have  no  information  on  carbon 
monoxide,  but  the  standards  listed  indicate  the  absence  of  a hazard  to 
marine  life,  even  at  this  early  stage,  which  occurs  within  minutes  of  an 
explosion.  In  this  case,  the  drifting  pool  might  possibly  have  a nuisance 
effect  if  it  transports  carbon  or  bottom  sediment  toward  a region  used 
by  the  public.  I should  stress,  however,  that  some  new  explosive  compositions 
have  products  that  are  less  innocuous  than  those  of  TNT. 

The  killing  of  fish  by  underwater  explosions  is  an  environmental  effect 

that  we  can  often  avoid  by  careful  selection  of  the  place  and  time  of 

firing.  When  this  is  not  possible,  we  make  use  of  theories  developed  on 

the  assumption  that  the  swimbladder  is  relatively  vulnerable,  even  at  long 

distances  from  an  explosion.  The  SLIDE  (16)  shows  an  estimated  range  of 

kill  by  the  crushing  effect  of  the  direct  shock  wave,  on  the  basis  that 

pressures  above  200  psi  are  lethal.  It  also  includes  a region  near  the 

surface  where  the  direct  shock  is  overtaken  by  a tension  wave,  and  the  sudden 

drop  in  pressure  may  cause  an  overexpansion  and  rupture  of  the  swimbladder. 

A comprehensive  fish-mortality  theory  is  now  under  development  at  NOL. 
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In  addition,  it  is  known  that  fish  without  swimbladders , and  crabs 
and  oysters,  can  withstand  high  pressures  without  physiological  damage. 

For  relatively  deep  explosior  i,  such  as  the  one  on  the  slide,  the 
underwater  shock  wave  is  of  primary  concern  for  establishing  the  safe 
distance  of  a ship.  In  this  case,  the  safe  distance  for  ships  is  less 
than  the  safe  range  for  fish,  but  this  will  not  always  hold  true.  The 
next  SLIDE  (17)  is  a sketch  showing  the  relationship  we  use  for  determining 
a safe  standoff  for  ships  engaged  in  experimental  work.  Combat  ships 
are  designed  for  higher  shock  factors. 

An  example  of  the  type  of  situation  in  which  the  Navy  is  now  getting 
involved  is  the  current  controversy  over  the  proposed  construction  of  a 
new  ammunition  pier  on  the  Island  of  Guam.  The  SLIDE  (18)  shows  some 
of  the  problems  associated  wl'h  the  existing  pier,  which  is  located  in 
the  only  deep  water  harbor  in  Gram.  It  seems  obvious  that  thiG  is  about 
the  worst  place  to  handle  explosives;  nevertheless,  when  the  Navy  proposed 
the  construction  of  p.  new  pier  in  an  almost  uninhabited  bay,  there  was 
considerable  opposition. 

Most  of  this  come  from  the  Guam  Legislature  and  from  environmental 
groups.  The  next  SLIDE  (19)  lists  some  of  the  objections.  The  reason 
for  the  relatively  large  land  area  (almost  6 square  miles)  is  the  requirement 
for  a quantity  — distance  radius  of  10,U00  feet,  based  on  shiploads  with 
a total  of  nine  million  pounds  of  explosive  per  month. 

The  objections  are  not  all  justified.  For  example,  a land  swap  has 
been  proposed,  and  the  historical  artifacts  would  be  protected.  The  real  reasons 
for  blocking  this  project  are  probably  political,  nevertheless,  environmental 
arguments  can  be  used  very  effectively  in  cases  such  as  this. 


An  environmental  impact  statement  is  required  if  (SLIDE  20 ):  a- signi- . 


ficant  adverse  impact  is  expected;  or  the  impact  is  controversial.  In  the 
case  of  construction,  or  tests  involving  the  use  of  large  quantities  of 
explosive,  ve  can  assume  that  the  proposal  will  always  he  controversial. 

It  is  important  to  treat  all  aspects  of  the  project  in  detail,  not  Just 
those  related  to  the  use  of  explosives.  An  environmental  impact  statement 
is  subject  to  review  by  Federal  and  State  Agencies  and  is  open  to  public 
scrutiny.  Environmentalists  can  use  the  E.I.S.  procedures  to  voice 
objections  and  to  raise  questions,  and  the  originator  is  obligated  to 
attempt  to  answer.  The  net  result  is  a long,  sometimes  frustrating  process, 
and  an  awareness  of  these  problems  in  advance  is  essential. 

We  should  also  remember  that  the  actual  response  of  the  public  and 
local  government  is  difficult  to  predict  and  is  not  always  negative. 

For  example,  the  Navy  conducted  underwater  explosion  tests  against  two 
target  vessels,  a cruiser  and  a destroyer,  near  Key  West  during  May  1972. 
The  Navy  had  planned  to  sink  the  ships  in  deep  water  to  reduce  the 
environmental  impact,  but  moved  to  a shallow  site  near  shore  at  the  request 
of  the  Mayor  of  Key  West,  the  President  of  the  Greater  Key  West  Chamber 
of  Commerce,  and  the  Governor  and  Cabinet  of  the  State  of  Florida.  They 
had  no  objection  to  the  tests,  they  Just  wanted  the  ships  sunk  in 
shallow  water  to  provide  artificial  fishing  reefs  for  the  benefit  of  local 
fishermen. 
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DESIGN  OF  A FACILITY  FOR  THE  GAMMA  IRRADIATION 


OF  PROPELLANT  AND  EXPLOSIVES 


Messrs  R.  Campbell,  K.  Kim,  and  G.  Varsi 
Jet  Propulsion  Laboratory 
Pasadena,  California 


ABSTRACT 


An  experimental  and  theoretical  program  was  conducted  to  design  a 
facility  for  exposing  explosives  and  solid  rocket  motors  to  a 1000  Ci  Co-60 
gamma-ray  source.  The  facility  had  to  provide  adequate  personnel  protection 
from  both  the  radiation  and  explosives  and  at  the  same  time  prevent  any 
accidental  initiation  of  the  explosives  or  propellants  from  spreading  any 
Co-60  contamination  throughout  the  area.  It  was  calculated  that  it  was 
convenient  to  adapt  an  existing  solid  propellant  processing  cell  by  adding 
the  required  radiation  shielding. 

For  protection  of  the  irradiator  it  was  assumed  that  either  detonation 
or  explosion  is  a possible  failure  mode  and  the  design  formulae  were 
derived  for  each  of  the  cases.  These  formulae  were  tested  experimentally 
at  Edwara  Test  Station  of  the  Jet  Propulsion  Laboratory  for  their  validity. 

The  results  showed  that  an  aluminum  shield  could  be  designed  which  is 
adequate  for  both  detonation  and  explosion.  However,  since  it  was  not 
possible  to  bring  the  propellant  to  detonation,  the  first  shield  is  designed 
to  protect  against  explosion  only. 


Preceding  page  blank 
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I. Introduction 


The  objective  was  to  design  a Co-60  gama-ray  irradiation  facility  which 
could  be  used  for  exposing  explosives  and  solid  rocket  motors.  The  facility 
had  to  meet  the  radiation  safety  requirements  for  ordinary  radiation  exposures 
plus  those  for  handling  explosives  and/or  propellants.  Finally  it  had  to  be 
assured  that  any  detonation  or  explosion  that  might  accidentally  occur  would 
in  no  way  damage  the  irradiator  or  disrupt  its  mechanism.  The  first  part 
of  the  paper  will  discuss  how  the  general  facility  requirements  were  met, 
followed  by  a discussion  of  the  effort  required  to  insure  that  there  would 
be  no  spread  of  radioactive  contamination. 

Fortunately,  a similar  type  of  facility  satisfies  both  the  radiation  and 
explosive  requirements  in  that  both  are  often  constructed  with  thick  concrete 
walls  and  ceilings.  The  explosive  requirements  also  requires  special  lighting 
and  electrical  fixtures.  An  obvious  first  choice  is  then  to  convert  an 
existing  cell  for  explosive  use  into  the  irradiation  facility.  Such  a cell 
was  available  in  the  facilities  of  the  Solid  Propellant  Engineering  Section 
at  the  Jet  Propulsion  Laboratory,  and  an  investigation  of  the  required 
modifications  for  irradiation  use  was  begun. 

II.  Radiation  Shielding  Design  and  Construction 

A plan  view  of  the  building  is  shown  in  Figure  1 with  the  proposed  cell 
indicated.  Two  basic  problems  presented  themselves.  The  first  concern  was 
whether  the  3 ft  thick  concrete  walls  and  ceiling  were  adequate  to  reduce 
the  radiation  to  safe  levels  in  the  adjoining  cell  and  the  corridors  of  the 
building,  one  of  which  would  also  contain  the  control  console  for  the  irradiation. 
The  second  concern  was  the  thin  blow-out  wall  at  the  back  of  the  cell. 

Although  a steep  embankment  a short  distance  behinu  the  wall  served  as  a 
limiting  boundary,  the  driveway  in  between  the  building  and  the  embankment 
would  allow  personnel  access  to  this  area. 
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The  solutions  to  these  problems  are  of  course  a function  of  the  gamma-ray 
source  strength  and  geometry  and  must  be  mentioned  briefly  first.  To  obtain 
the  widest  range  of  exposure  dose  rates  a beam  type  irradiation  was  chosen  with 
a 120°  horizontal  aperture  and  a 30°  vertical  aperture  (Fig.  2).  The  source 
strength  chosen  was  1000  Ci  which  gives  a dose  rate  of  about  1000  Rem/hour  at 
one  meter.  To  put  this  in  perspective,  if  one  stood  at  this  distance  for 
15  sec  he  would  receive  his  allowable  yearly  whole  body  dose.  The  desired 
dose  levels  exterior  to  room  are  0.2mRem/hour  in  the  hallway  and  adjoining 
rooms  but  2.0mRem/hr  was  allowed  in  the  driveway  area  since  it  is  a normally 
unoccupied  area. 

Let  us  consider  first  the  attenuation  of  the  direct  gamma  ray  beam. 

The  dose  rate  will  of  course  fall  off  with  distance  according  to  the  inverse 
square  law  from  essentially  a point  source.  In  addition  . o this  there  will 
be  the  reduction  by  the  concrete  walls.  This  attenuation  of  the  incident 
beam  is  directly  calculable  by  knowing  the  probability  of  interaction  with 
the  atoms  in  the  cement;  however,  the  dose  rate  depends  not  only  on  the 
reduced  incident  beam  but  also  on  the  many  lower  energy  gamma-rays  generated 
by  scattering  of  the  incident  beam.  This  additional  dose  rate  is  generally 
called  radiation  build-up.  The  calculation  of  the  build-up  is  extremely 
complicated  and  requires  the  use  of  digital  computers  to  carry  out  the 
computations  in  6 dimensional  phase  space  - 3 for  position,  2 for  direction 
and  one  for  energy.  However  several  useful  approximations  are  available 
and  were  used  for  this  study. 

The  expression  for  the  total  attenuation  is  given  by: 

-pr 

4>=B(E,ur )S 

H^r1' 
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where 


r = distance  from  "point"  source 

— = inverse  square  law  attenuation 
— ur* 

e = exponential  attenuation  in  cement,  having  an  attenuation 
coefficient  . jx 
S = source  strength 
B(E,yr)  = build-up  factor 

E = energy  of  gamma  ray 

Two  approximate  expressions  were  used  for  the  build-up  factor.  A linear 
expression  was  used  where 

B(E,pr)=l+a(E)ur  (l) 

and  this  was  compared  to  results  from  the  exponential  expression 

B(E,ur)=A(E)e-0ll  r+[l-A(E)  ]e~a2^’"'  (2) 

Values  for  a(E)  used  in  equation  (l)  have  been  tabulated  by  Trubey  (Ref.  1) 
and  values  for  a.,  (E)  and  for  equation  (2)  by  Taylor  (Ref.  2).  For  the 

work  done  here  values  from  the  two  expressions  agreed  with  one  another  to 
within  a few  percent. 

Calculations  of  the  shielding  provided  by  the  existing  cement  wall 
indicated  a dose  rate  of  3mRem/’hr  in  adjacent  halls  and  rooms  with  the  source 
placed  as  far  from  the  walls  as  possible.  This  is  over  a factor  of  10 
higher  than  the  0.2mRem/hr  limit  specified  by  JPL  in  an  uncontrollable 
area.  This  required  additional  shielding  in  the  path  of  the  direct  beam. 

Some  " heavy"  concrete  blocks  were  available  at  reasonable  cost  and  this  was 
stacked  to  a height  of  6 ft.  and  a thickness  of  l6  inches  along  the  forward 
side  walls  in  the  path  of  the  direct  beam.  Transite  lA"  thick  with  a metal 
frume  were  used  to  secure  the  blocks  in  position  ( Fig.  3).  Calculations 
with  this  thickness  indicated  the  dose  rate  level  to  be  below  0.2mRem/hr. 


This  was  borne  out  after  construction  with  measurement  of  <0.1  mRem/'hr. 

At  the  feed,  t.hroughs  at  the  eight  foot  level  the  dose  rate  was  -lr5  mRem/hr. 
but  this  was  located  high  enough  to  prevent  personnel  exposure. 

The  more  difficult  problem  came  with  the  scattered  radiation.  The 
cement  roof  was  quite  adequate  to  reduce  the  scattered  dose  rate  to  essentially 
zero  except  in  the  vicinity  of  some  airconditioning  ducts.  RaJ.'ier  than  shielding 
for  this,  since  the  roof  is  not  normally  occupied,  the  two  access  ladders 
are  locked  during  any  irradiation.  This  left  the  back  blowout  wall  as  the 
remaining  problem.  It  was  obvious  that  the  existing  wall  would  not  be  adequate 
although  it  was  still  considered  desirable  to  maintain  the  advantage  of  at 
least  a partial  blowout  wall.  The  decision  yas  to  erect  a block  wall  about 
six  feet  high  to  prevent  direct  line  of  sight  personnel  exposure  and  have  the 
blow-out  wall  extend  the.  remainder  of  the  way  to  the  ceiling,  "he  wall  was 
planned  in  maze  form  to  allow  minimum  radiation  exposure  through  the  door. 

( Fig.  U).  It  was  felt  that  with  this  approach  gates  would  still  be 
needed  across  the  driveway  druing  irradiations. 

Accurate  calculation  of  this  wall  would  involve  Monte  Carlo  methods  to 
treat  the  statistical  nature  of  the  multiple  scattering  and  energy  of  the 
resulting  gamma-rays.  Instead  some  back-scatter  dose  rate  measurements  were 
made  on  a similar  lower  strength  cobalt  irradiation  in  a somewhat  similar 
geometry.  These  were  pessimistically  assumed  to  be  all  caused  by  gamma 
rays  single  scattered  through  an  average  angle  to  reach  the  back  wall  and  an 
appropriate  concrete  block  wall  thickness  calculated.  After  this  was 
constructed  (Fig.  5),  dose  rate  measurements  were  made  along  the  exclusion 
gates  and  were  found  to  be  high  by  a factor  of  ^*40  where  one  could  see  the 
access  door  and  a iactor  of  from  3 to  10  elsewhere.  By  using  a dose  rate 
meter  with  preferentially  xocated  2"  thick  lead  shielding  it  was  possible 
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to  determine  that  the  major  problem  was  downward  scattering  in  the  air  from 
radiation  passing  through  the  blow-out  portion  of  the  wall  above  the  maze 
and  through  the  door.  Lead  sheet  1/1*"  thick  was  then  added  to  the  door  and 
double  sheets  of  plywood  each  with  1/8”  thick  lead  sheet  attached  were 
added  to  the  blow-out  wall.  With  this  the  dose  rates  at  the  gates  were 
reduced  to  l.OmRem/hr  or  less. 

The  safety  of  operation  of  the  facility  rests  both  on  limited  and  controlled 
key  distribution  and  on  interlocks.  The  initiating  sequence  for  an  exposure 
consists  of  verification  that: 

1)  Roof  access  ladders  are  locked,  (because  of  design  this 
automatically  insures  that  no  persons  are  present  on  roof). 

2)  No  persons  are  present  in  the  irradiation  cell. 

3)  Door  and  gates  are  closed. 

Next  upon  operation  of  a key  switch: 

1)  A horn  blows  for  10  seconds. 

2)  A pneumatic  mechanism  zaises  the  radioactive  isotope  out  of  the 
lead  shielded  container  shown  in  Fig.  2. 

3)  A standard  flashing  red  light  is  operated  continuously  as  long  as 
the  radioactive  isotope  is  not  at  the  bottom  of  the  container. 

An  automatic  timer  and  a "scram"  button  are  also  provided  in  the  control 
console.  Any  one  of  four  interlocks  causes  immediate  return  of  the  radio- 
active source  to  the  container  upon  occurrence  of  any  of  the  following: 

A)  West  gate  not  closed. 

B)  East  gate  not  closed. 

C)  Door  not  closed. 

D)  Door  bolt  not  in  locking  position. 

Panic  bvx  on  due  r and  emergency  ingress  key  i,.  a strike  box  complement  the 
safeguards. 
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Finally  an  independent  area  radiation  monitoring  system  with  read-outs 
both  in  the  cell  and  at  the  console  is  connected  with  an  automatic  alarm 
system  which  is  actuated  upon  occurrence  of  both: 

A ) High  radiation  field. 

B)  Unlocked  cell  door 

III.  Blast  shield  considerations 

In  case  of  accidental  rocket  motor  initiation,  two  possibilities  are 
assumed  tc  exist:  detonation  and  explosion.  Explosion  is  a rupture  of  the 

rocket  motor  due  to  the  slow  build-up  of  pressure  inside  chamber  which  becomes 
larger  than  the  structural  strength  limit  at  some  point  and  bursts  the  motor 
open.  In  this  case,  a portion  of  the  propellant  inside  the  motor  could 
still  remain  unburnt  at  the  time  of  explosion.  In  detonation,  the  propellant 
is  burnt  so  fast  that  the  failure  occurs  at  the  motor  pressure  far  above  the 
structural  strength  limit.  In  this  case,  the  total  amount  of  propellant  is 
consumed  before  rupture. 

Several  mechanisms  contribute  to  potential  damage  to  the  irradiator 
from  accidental  initiation:  blast  wave  generated  by  the  explosion  or  detonation, 

3hrapnels  from  motor  case,  heat  radiation  and  heat  convection.  The  last  is 
negligible  for  the  conditions  of  thi3  facility. 

In  calculating  the  damage  effect  of  blast  wave  and  shrapnels,  the 
explosion  can  be  treated  as  a detonation  if  an  effective  mass  of  detonation, 

"W,  is  known.  In  the  following  sections,  this  effective  mass  of  detonation 
is  calculated,  and  then  shield  design  formulae  are  derived  accordingly. 

The  effect  of  heat  radiation  will  be  mentioned  later. 
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IV  Effective  Mass  of  Detonation,  W 

If  there  is  a detonation,  W is  the  total  propellant  maS3.  On  the 
other  hand,  if  there  is  an  explosion,  W can  be  calculated  as  follows. 

First,  it  is  assumed  that  the  effective  explosion  energy,  E^,  is  linearly 
related  to  internal  energy  of  gas,  E , at  the  time  of  explosion,  which  in 
turn  is  proportional  to  the  product  of  the  container  volume,  V,  and  the  rup- 
ture pressure  of  the  container,  P . 

We  = E ~E.o£VP  . '3) 

a a i o 

The  above  expressions  repr  sent  n minor  generalization  from  Ref.  3. 

Here,  the  proportionality  constant  is  unknown,  and  this  can  be  indirectly 
derived  as  follows. 

Now  consider  a motor  case  of  the  shape  of  a spherical  shell  with 
volume,  V,  radius,  r,  thickness,  6,  and  density,  p . The  mass  will  be 


p 

6p 

m 

The  force  acting  on  a hemisphere  by  the  inner  pressure,  PQ,  is  expressed 

F.  =7i P r2 
1 o 

The  ultimate  force  of  this  container  with  yield  strength,  Y,  is 
F2=27iYr6 

At  the  rupture  point  these  two  forces  should  match. 
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Thus : 


F =nr2P  =F0=2irYr6 
1 o 2 


P =2YS/r 
o 

Substituting  this  in  Eq.  (3): 

We  ~VP  oc  r3P  =2r3Y-- =2Yr2<S  (4) 

a o or 

W/M-Y/f^) 

This  means  that  W/M  depends  only  on  the  material  properties  of  the 
container,  but  not  on  its  dimensions. 

The  initial  shrapnel  velocity  from  the  detonation  of  the  motor 
depends  only  on  the  beat  of  explosion  of  the  propellant  and  the  W/M 
of  the  motor,  as  shown  by  the  following  empirical  formula  (Ref.  4): 


v =^2e 
o a 


/w/M 


1+W/2M 


(5) 


Because  of  Eq.  (4)  the  initial  fragment  velocity  depends  only  on  the  heat 

of  explosion  and  Y/P  . In  Eq.  (5)  v is  the  initial  fragment  velocity 

m o 

and  is  the  specific  heat  of  explosion. 

Solving  Eq.  (5)  for  the  ratio  W/M  and- substituting  into  Eq.  (4)  one  obtains: 


(2e  /v2  - 1/2 )-1  = (2e  /v2  - 1/2 )-1  pm,xea.l 

°>x  “ ° Y /(p“  ea  i 


where  the  subscript  x denotes  parameters  for  the  case  under  consideration. 


Eq.  (6)  permits  the  calculation  of  the  fragment  velocity  v for  any 
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case,  provided  the  velocity  v is  known  for  one  set  of  propellant 
arid  case  parameters  Y,  p , eJ  . Suitable  correction  coefficients 
should  be  introduced  for  motor  shapes  other. than  spherical  and  nonhomo- 
geneous  compositions. 

Pittman  (Ref.  3)  measured  fragment  velocities  from  bursting 
pressure  tanks  with  Titanium-  6 Aluminum  - b Vanadium  alloys  with 
several  different  sizes  and  shapes . The  results  show  that  for  the 
variety  of  tank  shapes  and  sizes,  the  initial  fragment  velocities 
were  in  the  narrow  range  of  1215-1470  fps  or  920-1200  fps  depending 
on  the  measuring  systems.  Considering  the  inhomogeneity  and  the  non- 
spherical  shape  of  the  casing,  these  values  can  be  regarded  as  very 
much  uniform.  The  average  value  can  be  taken  safely  to  be  2000  fps. 
Thus,  one  can  use  this  result  with  Eq..  (6)  to  calculate  the  equivalent 
TNT  charge  amount  of  any  given  motor. 

Pittman's  result  is: 

W/M=  (v^/2e^)/(l  - //H*)  = 0.0877  for  Ti-6Al-4w 

where 


2e  = 6900  ft/sec  for  TNT 

a 


One  can,  therefore,  get 


0.087T*(-f^>Tr6Ae-WaX<  Vjstesl 


Finally , 


(W)-*—-,*  (W/M). 


; M 


'steel  ;steeiCJ 

Since  most  propellants  have  similar  values  for  e 
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V , Blast  Wave  Effect 


The  pressure  wave  impulse  which  hits  the  protective  shield  is 
obtained  from  a semi -empirical  chart  (Fig.  6)  as  a function  of  r,  the 
distance  between  explosion  source  and  the  shield  and  of  V),  the  effective 
detonation  mass  expressed  in  equivalent  amount  of  TNT  (Ref.  5). 

First  one  calculates  the  effective  distance 

Z = r(ft)/W1//3(lbs) 

Then  read  I ^W173,  and  correspondingly  1^,  from  Fig.  5. 

Next  the  critical  shield  thickness,  , which  can  barely  withstand 

the  given  pressure  wave  impulse,  1^,  is  given  by  an  empirical  formula 

(Ref.  6).  _ V ^o 

:•  ” a 

y 


where  c^  is  sonic  speed  in  the  shield  material  and  o^,  its  dynamic  yield 
strength.  This  thickness  6^  will  be  used  in  the  next  section  to  obtain 
the  design  thickness  of  the  shield. 


VI,  Shrapnel  Effects 

The  damage  caused  by  a shrapnel  is  quantified  by  the  maximum 

thickness  d which  can  be  perforated  by  it.  According  to  an  empirical 
P 

formula  provided  by  Sewell  (Ref.  5),  Kornhauser  (Ref.  8),  for  aluminum: 


d (inches )=d*  (1.5)-  ;-2-  ^°-~f  / mas-s  °-f  fragment  (grains)  x % (fps)  ^ 
^ ^ Impact  area  of  fragment  (in^) 

Where  d^  , is  given  by  Sewell  is  the  depth  of  penetration  in  a thick 
shield  and  v„  is  the  striking  shrapnel  velocity. 

In  our  situation,  the  striking  fragment  velocity  is  practically 
identical  to  the  initial  fragment  velocity  -which  is  given  in  Eq.  (5) 
because  the  flying  distance  is  too  short  for  the  drag  force  to  slow  down 
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the  fragments, 

For  thin  shrapnels,  if  one  assumes  an  average  hitting  angle  of 
shrapnels  on  the  shield,  the  mass  xo  area  ratio  is  independent  of  the 
size  of  the  shrapnels  but  dependent  only  on  their  density  and  thickness. 

The  effective  impact  area  of  the  shrapnels  is  considered  to  be  a 
portion  of  the  projected  area  of  the  shrapnels,  that  is, 

Effective  area  =o<x  flat  surface  area  where 
a®  cos  (average  angle  of  impact  presentation) , 

1'n  this  paper  a is  taken  to  be  1/2. 

To  account  for  the  possible  summing  of  effects  aue  to  certain 
sequence  of  events,  the  thickness  of  the  shield  which  can  barely  with- 
stand the  blast  is  computed  as 

d « o + d 
c p 

For  the  actual  shield  design,  a safety  factor  of  should  be 

applied  to  gi re  a design  thickness, 

D=0d. 

VII,  Experimental  verification 

Four  tests  were  performed  at  Edward  Test  Station  of  Jet  Propulsion 
Laboratory.  The  shield  was  designed  without  any  safety  factor  to  be  Just 
marginal  and  therefore  allow  verification  cf  the  formulas.  Propellant 
or  explosive  was  placed  inside  vertical  tubes  (OD:3.5"»  thickness:  65  mils, 

height:  10",  Fig.  7)  and  igniued  after  an  Aluminum  Shroud  (thickness:  lA'c, 
OD:  2.5’,  height:  1.5’)  with  a top  plate  (Fig.  8)  was  placed  surrounding 
the  tube.  Damage  on  the  shroud  for  each  case  was  observed  and  is  described 
j.n  Table  1. 

Typical  results  of  the  experiement  are  shown  in  Figs.  9 - 12. 
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Figs.  9 and  10  show  the  ruptured  tube  and  the  damage  on  the  shroud  for 
Test  B.  Figs,  .11  and  12  show  the  same  for  Test  D. 

The  results  show  that  only  in  Test  4 (where  explosive  waB  used), 
detonation  conditions  were  achieved. 

Furthermore,  in  Test  1 and  Test  3,  the  pressure  wave  impulse  and 
the  shrapnel  velocity  were  reduced  by  a weakening  of  the  container  case 
due  to  heat  concentration  on  a certain  region  before  the  rupture. 

The  experimental  results  matched  the  calculations  very  satisfactorily. 
In  the  case  of  no  detonation  the  computed  thickness  was  d=0,l6",  and  the 
0.25*'  Aluminum  shroud  withstood  the  first  3 tests  with  only  one  hole. 

This  hole  was  probably  made  by  a shrapnel  hitting  the  shroud  with  a 


sharp  angle. 

For  the  detonation  case  the  calculated  thickness  of  0,28"  was  very 
close  to  the  actual  thickness  of  the  Aluminum  shroud,  and,  as  expected, 
the  blast  product  i many  perforated  holes  as  well  as  many  imperforated 
indentations.  Again,  when  these  were  closely  examined,  it  was  known 
that  the  perforated  holes  were  mainly  made  by  the  shrapnels  hitting  the 
shroud  sharply  and  the  others  by  the  shrapnels  hitting  the  shroud  more 
or  less  flat. 

VIII.  Heat  radiation 

The  temperature  increase  of  the  shield  was  calculated  as: 


AT  = 


-9u 


c • p «D 
ps  s 


] r p 

where  Q=oT  . (-2-  ) . t . 

c r c 


C is  the  specific  heat  of  the  shield,  ps,  its  density,  D,  its  thickness, 
a,  Stepnan-Bo Ltzmann  constant,  Tc , propellant  combustion  temperature, 
rQ,  propellant  radius  and  t^,  propellant  combustion  temperature. 

For  the  given  conditions , AT  of  the  Bhield  is  calculated  to  be  of  order 
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or  100°C.  Therefore , the  temperature  increase  of  the  irradiator  itself 
should  he  negligible. 

IX,  Conclusion 

A facility  for  the  gamma  irradiation  of  propellants  and  explosives 
was  constructed.  A proper  protection  against  the  radiation  source  was 
built  and  design  formulae  were  assembled  for  a shield  against  any 
accidental  motor  initiation.  These  formulae  were  tested  experimentally 
and  proved  to  be  satisfactory. 

Furthermore,  the  calculated  aluminum  shield  thickness  for  the  given 
conditions  (approximately  1 cm)  reduces  the  radiation  intensity  by  only 
approximately  10$, 

The  author  gratefully  acknowledges  many  instructive  discussions  with 
Mi-.  V.  Menichelli  as  well  as  his  invaluable  contributions  in  the  design 
of  the  tube,  design  of  the  explosive  train,  and  in  the  experimental  runs . 

This  paper  presents  the  results  of  one  phase  of  research  carried  out  at  the 
Jet  Propulsion  Laboratory,  California  Institute  of  Technology,  under  Contract 
N<~.  NAS  7-100,  sponsored  by  the  National  Aeronautics  and  Space  Administration. 
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ENVIRONMENTAL  BLAST  EFFECTS  DUE  TO  ACCIDENTAL 
DETONATION  OF  A MONOPROPELLANT  FUEL 


r 


John  Miguel 

Naval  Underwater  Systems  Center 
N /port,  RI 


ABSTRACT 

In  a detailed  safety  study  of  the  Experimental  Propul- 
sion Testing  Facilities  at  the  Naval  Underwater  Systems 
Center  (NUSC),  Newport,  Rhode  Island,  estimates  were 
made  of  the  environmental  blast  effects  of  an  accidental 
detonation  of  a monopropeliant  fuel  tank  during  captive 
torpedo  powerplant  testing.  The  study  revealed  a potentially 
serious  problem  with  testing  operations : The  facility  test 
control  center  was  found  to  be  at  a critical  location  and  of 
questionable  construction  for  testing  present-day  state-of- 
the-art  torpedo  propulsion  systems. 

This  paper  describes  the  testing  facilities,  discusses 
the  estimated  blast  effects  on  the  facilities,  and  outlines 
the  steps  taken  by  NUSC  to  improve  the  safety  of  propulsion 
testing. 
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INTRODUCTION 


The  Naval  Underwater  Systems  Center  (NUSC)  is  the  Navy’s  principal  RDT&E 
center  for  underwater  combat  systems.  NUSC  was  formed  in  1970  by  the  merger  of 
two  independent  laboratories  of  the  Naval  Material  Command:  The  Naval  Underwater 
Weapons  Research  and  Engineering  Station,  Newport,  Rhode  Island,  and  the  Naval 
Underwater  Sound  Laboratory,  New  London,  Connecticut.  These  two  R&D  laboratories 
now  form  the  two  principal  laboratory  complexes  of  NUSC,  headquartered  in  Newport. 
Field  facilities,  detachments,  and  test  ranges  at  geographic  locations  other  than 
Newport  and  New  London  are  shown  in  figure  1. 

Torpedo  propulsion,  system  research,  development,  test  and  evaluation  programs 
are  conducted  at  the  Newport  Laboratory's  Experimental  Propulsion  Test  Facilities 
shown  in  figure  2.  These  facilities  consist  of  the  following: 

• Deep  Depth  Torpedo  Propulsion  Test  Facility. 

• Propulsion  Systeip  Component  Test  Facility. 

• DC  Power  Generating  Facility. 

• On-Site  Engineering  Offices,  Assembly  Machine  Shop,  and 
Instrumentation  Support  Area. 

• Explosive  Test  Facility. 

• Fuel  Storage  Area. 

• Special  Engine  Assembly  Area. 


DEEP  DEPTH  TORPEDO  PROPULSION  TEST  FACILITY 


Torpedo  propulsion  systems  are  tested  in  NUSC's  Deep  Depth  Torpedo  Propulsion 
Test  Facility  under  controllable  conditions  that  closely  duplicate  those  encountered  by 
a sea-launched  torpedo.  This  facility,  shown  in  figure  3,  can  test  both  thermal  and 
electric  torpedoes  and  can  simulate  sea-water  depths  to  560C  feet  and  depth  transients 
to  60  feet  per  second.  Power  outputs  up  to  1000  horsepower  can  be  absorbed  on  the 
variable  water  brake  dynamometer.  High-pressure  large-volume  liquid  propellant 
tanks  are  available  to  supplant  or  supplement  torpedo  tankage  for  extended  duration 
tests. 

This  torpedo  test  facility  has  two  unique  features:  (1)  Torpedoes  can  be  launched, 
and  shut  down,  at  any  simulated  depth;  (2)  The  sea-water  reservoir  is  temperature- 
controlled  to  allow  testing  at  temperatures  from  30°F  to  130°F. 

The  test  facility  is  housed  in  a specially  constructed,  T-shaped  building.  The 
building  has  a control  room,  a dynamometer  room,  a main  test  cell,  an  engine  test 
cell,  a combustion  test  cell,  a fuel  tank  cell,  and  a high  pressure  air  cell.  The  "cell" 
part  of  the  building  is  constructed  of  18-inch  reinforced  concrete  walls  and  ceilings; 
the  center  walls  of  the  test  cells  and  tankage  cells  are  designed  for  rapid  and 
unidirectional  release  of  gases  in  the  event  of  an  explosion.  Each  test  cell  and  room 
is  protected  by  the  centralized  carbon  dioxide  fire  fighting  system  shown  in  figure  4. 
Additionally,  deluge  sprays  (figure  5)  are  directed  at  fuel  storage  tanks  to  control 
their  temperature  in  the  event  of  fire.  Vehicle  and  pedestrian  traffic  in  the  vicinity 
of  the  test  site  is  strictly  controlled  by  road  guards  during  test  operations  (figure  6). 
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PROBLEM  DEFINITION 

ESKIMO  I test  aeries  presentations  and  discussions  a?;  the  J4th  Explosive  Safety 
Seminar  sponsored  by  the  Department  of  Defense  Explosives  Safety  Board  prompted 
a detailed  and  critical  safety  review  of  blast  effects  on  the  propulsion  facilities  at 
KUSC.  This  study  revealed  a potentially  serious  problem  with  testing  operations. 
Facility  improvements  and  development  had  not  kept  pace  with  the  technology  being 
tested. 

The  propulsion  test  facility,  constructed  in  1960,  was  designed  for  propulsion 
tests  that  used  remote  oxidizer,  fuel,  and  diluent  water  facility  tankage,  or  bulkhead- 
separated  torpedo  tankage.  Potential  detonations  were  most  probable  only  in  the 
combustion  chamber,  where  fuel  and  oxidizer  were  joined  and  where  only  small 
quantities  (5  to  10  pounds)  would  be  involved.  These  considerations,  coupled  with 
the  containment  concept  of  thick-walled  test  cells  using  pre-1960  construction 
techniques,  allowed  the  control  room  to  be  built  of  cement  block  with  a reinforced 
concrete  slab  roof. 

During  the  ensuing  time  span,  rapid  developments  were  made  in  underwater 
propulsion  technology  — the  case  in  point  being  the  development  of  families  of  torpedo 
moncpropellant  fuels  containing  both  fuel  and  oxidizer  mixed  in  the  same  liquid. 

Tests  presently  conducted  at  the  NUSC  facility  use  quantities  of  monopropellants 
in  excess  of  800  pounds,  pressurized  above  1000  psia  in  temperature  environments 
from  30°F  to  130°F.  With  a TNT -equivalent  rating  of  1.  0,  the  monopropellants  now 
used  represent  a major  increase  in  potential  hazard  as  compared  to  the  type  of 
propellant  systems  for  which  the  facility  was  initially  designed. 
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Awareness  of  these  factor*  led  to  consultations  with  the  staff  of  the  Naval  Sea 
Systems  Command  Safety  Office  regarding  the  following  aspects  of  present-day 
proj  ulsicn  testing : 

• The  use  of  monopropelLints  in  which  fuel  and  oxidizer  are  mixed  at  the 
molecular  level. 

• The  large  quantities  of  fuel  involved. 

• The  environment  of  the  propellant  during  testing  (confinement,  pressuriza- 
tion, elevated  temperature,  close  proximity  of  fuel  tank  to  combustor). 

• SaiBiy  test  data  on  propellants. 

It  was  determined  that  monopropellants  in  an  environment  cf  systems  teat  on  a 
liquid  propellant  static  test  stand  comprised  a Category  IV  hazard  as  defined  in 
reference  1.  Application  of  quantity  distance  requirements  as  required  by  Naval 
regulations  for  this  category  hazard  revealed  that  the  location  of  the  control  room  was 
critical.  Thus,  an  investigation  of  the  control  room's  structural  suitability  was  begun. 

CONTROL  ROOM  INVESTIGATION 
BLAST  EFFECTS  STUDY 

Using  the  structure  geometry  of  NUSC's  propulsion  test  facility  (figure  7),  a study 
was  undertaken  to  estimate  the  blast  effects  of  an  accidental  detonation  of  a mono- 
propellant fuel  tank  during  captive  torpedo  power  plant  testing.  A generalized  mono- 
propellant fuel  having  a TNT-equivalent  rating  of  1.0  was  selected  as  the  donar  system 
in  the  amount  of  1000  pounds. 


The  safety  design  manual  entitled  "Structures  to  Resist  the  Effects  of  Accidental 
Explosions"  (reference  3),  developed  under  the  technical  direction  of  Picatinny 
Arsenal  aad  the  sponsorship  of  the  DOD  Explosives  Safety  Board,  was  used  as  the 
primary  guide  for-  this  study.  This  regulatory  tri -service  safety  design  manual 
contains  procedures,  tables,  and  charts  required  to  establish  the  output  of  an  explosion 
in  its  environment  and  the  damaging  effects  on  that  environment  in  terms  of  blast  and 
fragmentation.  This  manual  has  established,  through  analytical  studies  supported 
by  testing,  realistic  design  criteria  to  prevent  explosion  propagation,  damage  to 
material,  and,  most  importantly,  Injury  to  personnel. 

BLAST  PHENOMENA 

The  intensity  of  the  pressures  associated  with  monopropellant  detonation  decays 
as  a function  of  time  and  distance  as  the  shock  expands  outward  from  the  center  of  the 
explosion.  Structures  hit  by  the  shoe1'  wave  experience  blast  loads  whose  magnitude 
and  distribution  depend  on:  (1)  the  weight  and  type  of  explosive,  (2)  the  position  of  the 
explosion  rr’ativo  to  the  structure,  and  (3)  the  magnitude  and  reinforcement  of  the 
pressure  by  its  interaction  with  the  ground  or  structure. 

In  the  case  of  explosions  involving  liquids,  the  explosion  is  in  many  cases  incomplete 
with  only  a portion  of  the  charge  weight  detonating.  The  remaining  charge  generally 
undergoes  deflagration,  which  may  cause  fires.  However,  confinement,  high  pressure, 
or  elevated  temperature  conditions  would  tend  to  accelerate  the  reaction  kinetics. 

Ihe  pressure-time  history  at  any  point  away  from  the  detonation  is  shown  in  figure  8. 
Time  t^  indicates  the  time  the  shock  front  arrives.  After  rising  to  the  peak 


value  Psq,  the  incident  pressure  decays  to  ambient  during  time  period  t-,  which  is 
of  longer  duration  than  the  positive  phase  and  which  has  a pressure  level  lower  than 
the  predetonation  ambient  pressure.  The  incident  impulse  density  (or  unit  incident 
impulse,  as  it  is  sometimes  called)  associated  with  the  Mast  wave  is  the  integrated 
area  under  the  pressure  time  curve,  denoted  by  i for  the  positive  phase  and 
i-  for  the  negative  phase.  The  positive  phase  wavelength  is  the  length  from 
the  detonation  site  to  a point  that  is  experiencing  positive  pressures. 


WALL  LOADING 


In  order  to  accurately  deierwiie  the  side  wall  loading  on  a surface  where  the  spaa 
direction  is  perpendicular  to  the  shock  front,  a simultaneous,  complex  dynamic  analysis 
of  the  stresses  in  the  span  as  a function  of  time  is  required.  However,  to  simplify 
this  procedure,  an  approximate  method  has  been  developed  using  an  equivalent  uniform 
loading  technique,  which  is  presented  in  detail  iu  reference  2. 

An  equivalent  load  factor  Cf,  anti  blast  wave  location  ratio  D/L  are  obtained 
from  figure  9 as  a function  of  wavelength  -to -span  ratio  L ^/L. 

The  peak  value  of  the  pressure  on  the  side  wall  is  the  sum  of  the  contributions 
of  the  equivalent  incident  pressure  CgP  ^ and  the  drag  pressure  C q 


P = C„P  . + C„q  , 
o L soo  D ob 


In  this  equation,  P ^ is  the  peak  overpressure  occurring  at  point  b;  and  q ^ 
is  the  peak  dynamic  pressure  corresponding  to  the  value  of 
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The  drag 


coefficient  Cy  for  roofs  and  side  walls  is  a function  of  the  peak  dynamic  pressure. 
For  conditions  of  peak  dynamic  pressure  <25  psi,  an  accepted  value  of  the  drag 
coefficient  is  -0. 40. 

The  scaled  ground  distances  ZQ  to  points  b and  f are  givers  by: 


_ 74 

(1000) 17  3 

= 7.4  ft/(3Lb)i/3 


=;  _i4 

(LoSF* 

= 4.4  ft,/(lb)1//3 


Figure  10  presents  preliminary  data  from  the  Naval  Civil  Engineering  Laboratory, 

Port  Hueneme,  on  pressure  leakage  from  a three -walled,  roofed  cubicle  as  a 
function  of  scaled  ground  distance. 

The  peak  incident  pressure  P at  points  b and  f due  to  leakage  is : 

SO 

P'sob  = 5. 5 psi  and  P^.  = 7. 2 psi.  The  following  tabulation  presents  shock  parameters 
corresponding  to  these  levels  of  peak  incident  pressure  as  taken  from  figure  11. 
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From  the  foregoing  tabulation,  the  scaled  wavelength  at  point  b is 


L 


W 


wb 

173 


3.1, 


whence  L ^ = 3. 1 (10)  = 31  feet.  The  wavelength -to -span  ratio  becomes 


fwb  31 
L ~ 30 


1.03 


for  a control  room  span  length  L of  30  feet. 

From  figure  9,  it  can  be  deteiunined  that  fcr  L , /V.  - 1. 1'3,  the  equivalent  load 
factor  C£  is  0. 73  and  the  blast  wave  location  ratio  D/'L  is  0-38.  The  equivalent 
uniform  load  eorresp  nding  to  a peak  positive  incident  pressure  P o 2 5. 5 psi 

30 

at  point  b is 


CEPsob  = <°*73>  (5*»>  = 4.03  psi. 


For  PSOb  of  5. 3 psi,  the  pea1'',  dynamic  pressure  at  point  b from  figure  12  is 
qob  = °* 7 psi.  Thua,  the  pressure  on  tho  slan  wall  ia 


P =C 
o 


P . + 
sob 


- „q  , 

1'  ob 


= (4»  02)  + (-0. 4C)  (0.  7)  * S.  74  psi. 
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The  distance  D at  which  the  shock  exerts  the  maximum  load  is 

= (0.68)  (30)  = 20.4  feet. 

Hence,  the  rise  time  is 

. 20.4  - 

t^  = ‘Y'g-  = 7 ms, 

where  U = 1.  3 ft/ms  at  point  b. 


The  duration  of  the  fictitious  positive  phase  is 


2i„ 


<>f  P. 


so 


= M¥^  = 26.2  ms 

OfcO 


FINDINGS 


CONTROL  ROOM  CONSTRUCTION 


A plot  of  the  pressure -time  history  of  the  loading  on  the  side  wall  is  presented 
in  figure  13.  This  plot  shows  that  the  control  room  of  the  propulsion  test  facility 
will  experience  an  equivalent  side  wall  pressure  loading  of  3.  74  psi  for  a duration 
of  26.2  milliseconds.  This  loading  corresponds  to  a peak  positive  incident  pressure 
of  5.5  psi  at  the  end  point  of  the  side  wall  span. 

As  concrete  block  walls  and  glass  areas  cannot  withstand  peak  incident  pressures 
above  2.0  and  0.5  psi,  respectively,  the  control  room’s  construction  was  obviously 
unsuitable  for  present -day  propulsion  testing.  The  leakage  pressure  generated  h? 
the  blast  would  either  push  the  side  walls  inward  during  the  positive  pressure  phi  Je 
or  force  them  outward  during  the  negative  phase,  with  the  ensuing  collapse  of  che 
pre-st resued  slab  concrete  roof  into  the  interior  of  the  control  room. 


These  findings  were  confirmed  by  recent  data  presented  by  the  URS  Research 
Company  (reference  4),  which  revealed  that  concrete  block  wails  will  fall  when 
subjected  to  peak  incident  pressures  above  2.0  psi. 


CONTROL  ROOM  LOCATION 


Quantity  distance  requirements  as  stated  is  reference  1 are  shown  in  figure  14. 

The  blast  area  extends  outward  a distance  of  800  feet  in  a 60*  inclusive  arc.  The 
intralisa©  diatance  encompasses  an  area  of  300*  of  arc  and  a radius  of  05  feet.  Tne 
inhabited  building  distance  is  400  feet.  Figure  15  shows  incident  pressure  isobars 
of  100,  5,  and  1 psi  superimposed  on  the  quantity  distance  requirements  for  comparison 
of  the  blast  effects  with  these  regulatory  distances.  Based  on  these  considerations, 
the  location  of  the  control  room  was  found  to  be  improper, 

CORRECTIVE  ACTION 

When  alerted  to  the  magnitude  and  scope  of  this  potential  hazard.  Center  manage- 
ment immediately  took  the  following  course  of  action: 

1.  Initiated  a project  to  relocate  the  control  room  into  Building  127,  which  is  of 
suitable  construction  and  meets  quantity  distance  requirements  (see  figure  16), 

2.  Imposed  a per-test  limitation  of  200  pounds  on  the  use  of  sensitive  raonopropellant 
pending  completion  of  the  relocation  project. 

3.  Obtained  a waiver  from  the  NAVSEASYSC-OM  Safety  Office  for  continuation  of 
programs  vital  to  the  National  Defense  under  conditions  1 and  2. 
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Relocation  efforts  are  in  progress,  with  completion  expected  in  the  near  future. 
The  NAVSEASYSCOM  Safety  Office  is  presently  reviewing  torpedo  monopropellant 
certification  criteria  and  safety  tests  as  well  as  testing  facilites  in  the  Navy  and  the 
private  sector. 
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SIMPLIFIED  BLAST  NUISANCE  PREDICTIONS  FOR  SMALL  EXPLOSIONS* 


Jack  W.  Reed 
Sandia  Laboratories 
Albuquerque,  New  Mexico 


Introduction 


Demolition  of  obsolete  or  defective  munitions  has  caused  complaints  about 
the  noise  free  neighbors  of  a number  of  military  installations.  Airblast  pro- 
pagation, nuisance,  and  complaints  frem  these  relatively  small  explosions  are 
often  strongly  dependent  on  atmospheric  conditions.  In  this  paper  a simple 
calculation  procedure  is  described  for  predicting  and  limiting  this  nuisance 
at  Tooele  Army  Depot,  Utah,. 

Their  normal  operation  is  limited  to  demolition  of  5000  lbs  of  chemical 
explosives,  under  10  ft  of  earth  cover.  On  occasion  however,  this  does  cause 
blast  annoyance  at  Tooele,  9 miles  east,  and  at  Grontsville,  7 miles  north  of 
the  firing  site.  Gome  complaints  huve  charged  broken  windows  or  pluster  cracks 
which  may  or  may  not  be  valid.  These  are  often  difficult  to  disprove.  Certain 
weather  conditions  cause  most  of  these  scattered  troubles.  Sandia  Laboratories’ 
experience,  in  predicting  airblast  from  nuclear  explosion  tests,  has  been  used 
to  develop  a method  to  estimate  weuther  conditions  when  these  firings  should 
be  delayed  until  better  circumstances  prevail. 

The  10-ft  dirt  cover  normally  used  on  5000-lb  high  explosives  (HE;  at  Tooele 
does  little  to  reduce  these  relatively  distunt  blast  effects.  Such  cover  may 
partially  confine  the  HE  und  cuuse  a more  efficient  explosion  burn,  comparable 
to  a shaped-charge  effect.  At  large  distances  this  yield  enhancement  may  largely 
overcome  the  blast  uttenuution  found  close-in  from  this  depth  of  cover.  It 
would  take  ubout  20  ft  of  dirt  cover  to  reduce  distant  blast  pressures  by  80$, 

A 10-ft  cover  would  effectively  (80$)  attenuate  a 1000-lb  HE  charge. 


Atmospheric  Effects 

The  atmosphere  may  act  like  an  acoustic  lens,  depending  on  air  temperatures 
and  winds,  both  along  uhe  ground  and  aloft.  Blast  propagation  to  the  5 to  10 
mile  distances  to  communities  near  Tooele  Army  Depot  depends  on  atmospheric 
conditions  up  to  about  3000  ft  above  ground.  At  that  height,  above  the  ground 
friction  boundary  luyer  and  Salt  Luke  sea  breezes,  winds  and  temperatures  do 
not  change  us  much  as  they  do  near  the  ground.  Balloon  measurements  made  twice 
daily  at  Salt  Luke  City  ulrport,  30  miles  uway,  can  be  used  Lo  estimate  upper 
air  conditions  over  Tooele . 

Blast  waven  trravel  at  about  the  speed  of  sound,  and  that  depends  on  air 
temperature . Sound  travels  faster  in  warm  air  than  it  does  in  cold  air. 

Sounds  may  also  be  speeded  or  retarded  by  winds.  If  the  temperature  and  sound 
speed  increases  with  height  (see  Figure  1-B),  as  it  may  early  in  the  morning, 


*This  study  was  supported  jointly  by  the  U.  S.  Atomic  Energy  Commission  and  the 
U . S . Anm> . 


a blact  wave  travels  faster  above  the  ground  than  It  does  at  ground  level. 

The  wave  front  is  turned  by  refraction  toward  the  ground,  causing:  loud  noise 
at  relatively  long  distances.  An  increase  in  temperature  with  altitude  is  called 
an  inversion,  because  temperature  is  usually  lower  at  higher  elevations. 

During  sunny  afternoons,  with  little  wind,  temperature  is  highest  at 
the  ground.  This  turns  or  refracts  the  blast  wave  front  upward  and  into  the 
sky  (see  Figure  1-A).  Along  the  ground,  blast  pressures  are  then  relatively 
small  and  may  not  even  be  heard. 

Explosions  in  early  afternoon,  near  the  warmest  time  cf  day,  usually  cause 
the  least  disturbance.  On  the  other  hand,  winds  (at  the  surface  as  well  an 
above  ground)  may  cause  strong  propagations  in  spite  of  good  temperature  condi- 
tions. Surface  winds  stronger  than  about  5 knots  may  also  cause  strong  propa- 
gations in  the  downwind  quadrant,  independent  of  refraction. 

The  following  calculation  is  used  to  determine  whether  sound  velocity  (sound 
speed  plus  wind)  increases  (strong  propagation)  or  decreases  (weak  propagation) 
with  altitude.  Calculations  are  made  for  directions  of  concern,  toward  Grantsville, 
and  Tooele. 


Upper  Air 

Salt  Lake  upper  air  weather  reports  are  obtained  daily  by  calling  the 
National  Weuther  Services  Office  at  Salt  Lake  City  Airport.  Temperature  und 
wind  at  6000  ft  MSL  (mean  sea  level  ultitude)  am  required.  Their  balloon 
observation  system,  called  u ruwinsonde,  is  released  daily  at  1200Z  (Greenwich 
'id me)  or  OtiOO  MDT  (Mountain  Daylight  Tima)  and  results  ere  uvailuble  by  about 
0800  MDT.  These  upper  air  reports  are  assumed  to  remain  valid  throughout  the  day, 
unless  a storm  pusses  through  the  area.  At  Tooele,  a cold  front  passage  causes 
more  northerly  winds  and  better  conditions  for  reduced  airblast  propagation. 

Such  abrupt  changes  there  do  not  lead  to  unpleasant  surprises,  us  they  might  at 
other  locutions. 

Upper  air  temperatures  are  reported  in  degrees  Centigrade  and  a conversion 
table  is  provided  to  obtain  sound  speed,  in  feet  per  second,  from  either  Fahren- 
heit or  Centigrade  air  temperatures. 

Wind  is  reported  as  the  direction  from  which  the  wind  is  blowing,  in  de- 
grees clockwise  from  True  North.  A wind  from  the  east  would  be  090o , from  the 
south  18 CP  , and  from  northwest  315°.  Wind  speeds  are  reported  in  knots  (nautical 
miles  per  hour)  by  Nationul  Weather  Services  for  the  convenience  of  aviation 
navigators.  Local  surface  measurements  in  statute  miles  per  hour  need  con- 
version to  knots  far  use  in  the  following  calculations. 

Wind  vectors  (direction  and  speeds)  must  be  resolved  into  components  toward 
targets  of  concern,  toward  Tooele  and  Grantsville.  Wind  components  are  cal- 
culated from  a polar  coordinate  graph,  as  shown  in  Figure  2,  by  following  out 
on  the  radial  line  marked  with  the  wind  direction  to  the  radius  circle  that  is 
marked  by  the  wind  speed  (in  knots).  Larger  scale,  cardboard  graphs  in  two 
colors  have  been  furnished  for  field  use.  The  component  toward  Tooele,  Tc , 
ir.  ft/sec,  13  read  from  the  straight  line  grid  (red  overlay  on  working  graphs) 


742 


superimposed  on  the  polar  chart.  The  component  toward  Grantsville,  Ge  ,,  is  read 
from  a similar  chart  with  an  appropriately  rotated  grid.  The  algebraic  sign  (±) 
must  be  correct. 


Instructions 

A blank  form  for  daily  calculations  is  shown  in  Table  I . Sound  speed  at 
6000  ft  N6L,  S6 , is  obtained  from  the  temperature  chart,  depending  on  the 
Centigrade  temperature.  When  the  temperature  is  O^C  (freezing,  32°  Fahrenheit) 
the  sound  speed  is  1088  ft/sec.  When  the  temperature  is  20 °C  (68°f)  the  sound 
speed  is  1128  ft/sec. 

The  sum  of  S6  + Te  would  give  the  sound  velocity  toward  Tooele  at  6000  ft 
MSL,  but  is  not  recorded.  Similarly.,  S3  + Ga  is  the  sound  velocity  toward 
Grantsvllle. 


Surface  Conditions 

Surface  temperuture  and  wind  are  obtained  from  a thermometer  and  anemometer 
near  the  firing  site.  Sound  speed,  S0 , is  obtained  as  before,  from  a conversion 
table.  Wind  components  T0  and  G0 , are  likewise  calculated  from  polar  coordinate 
charts.  These  are  entered  in  appropriate  blanks  on  the  form,  as  well  as  the 
difference,  D,  between  sound  speeds  at  altitude  and  ground  level.  Note  that 
values  below  -6  (for  example,  -8)  would  be  entered  as  -6.  Larger  temperature 
decreases  with  this  particular  altitude  difference  cause  very  unstable,  tur- 
bulent air  that  could  not  be  depended  upon  to  limit  propagation.  Also  if  T0 
or  G0  exceed  about  +5,  downwind  propagation  could  cause  nuisance  noises. 

Sound  velocity  differences,  between  6000  ft  MSL  and  ground,  are  calcu- 
lated as  shown  on  the  blank  form.  Values  of  VQ  (toward  Grantsville),  or  V 
toward  Tooele)  may  be  positive  (+)  or  negative^ -) , depending  on  whether 
wave  velocities  increase  or  decrease  with  height.  A decrease  of  temperature 
and  sound  speed  with  height  is  called  a gradient.  Strong  pror  gations  would 
result  from  large  positive  (+)  values;  weak  propagations  result  lrom  large 
negative  (-)  values,  or  gradients,  as  shown  by  Figure  3. 

Strong  irropagations  could  occur  with  velocity  differences  greater  than  +5. 
These  could  break  windows  and  crack  plaster  walls.  Tooele  is  more  distant  than 
Grantsville,  but  has  the  larger  population.  The  net  disturbance  or  damage  would, 
coincidentally,  be  similar  in  those  two  towns. 

Intermediate  propagation  strength,  with  velocity  differences  between  -5 
and  +5,  could  give  a loud  bang  or  rumble,  but  would  not  be  strong  enough  to 
break  windows  or  crack  plaster.  If  such  waves  occurred  very  often,  however, 
the  noise  could  irritate  people  to  make  claims  for  some  damages  not  really 
caused  by  the  blast  waves. 

Best  firing  conditions  oome  with  velocity  differences  even  more  negative  than 
-5.  With  -15  differences  the  blast  would  hardly  be  heard. 

Strong  propagations  calculated  in  morning  hours  would  usually  bo  reduced 
considerably  by  afternoon.  If  wind  effects  could  be  ignored,  then  the  best 
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firing  time  would  be  at  the  warmest  time  of  day,  between  about  1300  MDT  and  1500 
MDT, 

Note  that  numerical  values  in  Figure  3 were  determined  for  a particular 
yield,  burst  environment,  distances  to  and  populations  of  neighboring  towns 
for  Tooele  Army  Depot  operations.  Different  criteria  would  apply-  for  other 
demolition  locations  and  parameters , 


Tost  Procedure 


If  propagation  is  calculated  to  be  strong  in  the  morning,  extra  blanks 
are  provided  in  the  blank  form  for  calculations  at  later  hours  with  revised 
surface  weather  observations.  The  morning  upper  air  data  frcm  Salt  Lake  City 
is  used  during  the  whole  day.  It  is  not  expected  to  change  very  much  and  there 
is  no  later  balloon  run  until  evening.  Check  calculations  from  surface  observa- 
tions about  once  each  hour  should  show  whether  there  is  a trend  toward  im- 
proving or  worsening  conditions. 

One  caution  here:  Both  surface  temperatures  and  winds  should  be  averaged 

readings.  Small  perturbations  or  changes  in  temperature,  or  wind  gusts  should 
be  ignored,  because  they  are  not  representative  of  atmospheric  conditions  along 
the  total  propagation  paths  of  5 to  10  miles. 

In  general,  for  Tooele  Army  Depot  activities,  cold  northerly  winds  would 
protect  both  Grantsville  and  Tooele  from  strong  blast  waves.  Warm  southerly- 
winds  of  even  5 to  10  knots  would  increase  the  probability  of  nuisance  noise 
and  damage  at  either  town.  After  some  experience  has  been  gathered  there  will 
be  a better  feeling  for  the  effect  of  local  lake  and  mountain-valley  winds  as 
they  change  during  the  daylight  hours.  Usually,  near  the  mountains  the  surface 
wind  flows  downhill  at  night  and  blows  uphill  during:  the  day.  Firing  conditions 
should  ba  best  during  early  afternoon  because  of  high  surface  temperatures,  as 
well  as  the  local  north  wind  blowing  toward  the  mountains  to  the  south,  and  away 
from  communities  to  the  north  and  east. 


Generali zat ions 

A similar  procedure  could  be  developed  for  other  demolition  sites.  The 
most  important  parameters  are  the  yield  and  the  distance  and  population  of  nearby 
communities.  I ‘roper  consideration  of  the  local  climatology  of  temperatures  and 
winds,  both  at  the  surface  and  above  the  boundary  layer,  can  possibly  lead  to  an 
optimized  3ite  selection  and  certainly  to  a reasonable  yield  limitation. 

Propagation  of  1-mb  recorded  peak-to-peak  wave  amplitude  correlates  fairly 
well  with  the  lower  threshold  of  complaints.  Ranges  of  this  amplitude,  for 
various  yield  and  atmospheric  conditions  are  shown  in  Table  II . Although  a 1-lb 
HE  surface  burst  may,  in  strong  pi'opagation  conditions  under  an  early  morning 
temperature  inversion,  give  noise  to  nearly  2 miles,  a 5000  lb  HE  burst  may  have 
its  noise  restricted  to  only  3 miles  under  optimized  weather  oonditons. 
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ALTITUDE 


WIND  COMPONENT  TOWARD  TOOELE  I ft  I sec  I 

FIGURE  2.  COMPUTER  FOR  WIND  COMPONENTS  TOWARD  TGOELE 


I. 


TABLE  I.  CALCULATIONS  FOR  BLAST  PtlB  C.ICTIONS  DATE: 


SALT  LAKE  CITY  UP'iER  AIR  WEATHER  REPORT 

TIME:_ 

6000IT  MSL  TEm’RATURE:  °C 

W1ND:_ 

°/ 

KNOTS 

s6!S  ■ - 

G6= 

-V 

IT.  TOOELE  SURFACE  MOTHER  REPORTS 


Ti‘  V or  V iti  between  -5  end  +5:  Medium  propagation ; delay  preferable. 

u r 

Tf  v and  V arc  both  below  -5:  : Weak  propagation;  okay  to  fire. 

U I 
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VELOCITY  DIFFERENCE 


•20 


VERY  WEAK, 
PROBABLY  NOT 
AUDIBLE 


FIGURES.  BLAST  EFFECTS  VERSUS  SOUND  VELOCITY  DIFFERENCES 
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TABLE  II 


i 


'W' 


PROPAGATION  RANGES  FOR  l-MB  RECORDED  AMPLITUDE 


PROPAGATION  RANGE  (miles) 


EXPLOSIVE 
WEIGHT  (lb) 

DOWNWIND  OR 
INVERSION 

STANDARD 

GRADIENT 

1 

1.8 

0.7 

0.2 

50 

7 

2.7 

0.7 

2000 

23 

9 

2.4 

5000 

31 

12 

3.2 

EXPLOSIVE  INCIDENT  IN  THE  CONTINUOUS  TNT  PROCESS 


Mr.  E.  P,  Moran,  Jr. 
ARMCOM  Safety  Of f i jc 
Rock  Island,  I.L 


Members  and  guests  of  the  DoD  Explosive  Safety  Board.  It  is  a 
pleasure  to  address  you  this  afternoon.  My  name  is  Paul  Moran,  Jr., 
of  the  ARMCOM  Safety  Office.  The  purpose  of  our  discussion  today  is 
to  present  a brief  analysis  of  the  accidental  explosion  at  Radford  on 
31  May  this  year.  This  analysis  will  be  presented  in  four  segments: 

First,  the  process  will  be  described  by  Mr.  Raymond  Goldstein, 
of  Picatinny  Arsenal.  Mr.  Goldstein,  is  a chemical  engineer  working 
with  the  Manufacturing  Technology  Group  who  has  some  years  of  experience 
with  the  complexities  of  nitrating  toluene  by  the  continuous  method. 

My  part  of  the  discussion  involves  the  accident  itself,  some  prob- 
able causes,  the  aftermath. 

The  third  part  of  our  discussion  will  be  addressed  by  LTC  Richard 
Stephans,  Plant  Commander,  of  Volunteer  AAP.  LTC  Stephans,  a chemical 
engineer  by  educational  background,  was  appointed  as  Chairman  of  the 
Board  of  Investigation  which  convened  at  Radford  due  to  the  explosion. 

He  will  point  out  some  rather  serious  problems  which  confront  such  an 
investigative  body. 

Mr.  Edward  Lindler,  a safety  engineer  at  the  AMC  . eld  Safety 
Agency  will  provide  a fault  tree  analysis  of  the  continuous  TNT  nitra- 
tion process  in  an  attempt  to  identify  the  causal  factors  associated 
with  the  explosion  and  to  provide  guidance  for  future  hazard  analyses . 

At  approximately  1553  hours,  31  May  1974  the  Chief  Operator  on 
the  2nd  shift  relieved  the  day  operator  in  Building  9502,  the  nitration 
and  purification  (N8J?)  building  of  A-Line  in  the  TNT  area  at  Radford 
Army  Ammunition  Plant  (RAAP).  According  to  the  testimony  of  these  men 
and  strip  chart  recording:  of  nitrator  temperatures,  the  process  at  this 
moment  appeared  normal. 

However,  a few  minutes  later  the  operator  noted  "flooding?  in 
Separator  2.  This  condition  is  caused  by  reduced  process  flow,  normally 
resulting  from  a build-up  of  white  compound  (an  oxidation  by-product) 
inside  the  transfer  lirv’  between  Separator  2 and  Nitrator  3A.  Operat- 
ing personnel  indicate  that  line  blockage  due  to  white  compound  build-up 
is  a normal  periodic  occurrence  in  the  nitration  process. 

In  order  to  regain  normal  flow,  the  operator,  who  was  alone  in  the 
N&P  building,  proceeded  to  "rod  out"  the  material  blocking  the  transfer 
line  with  a six  foot  length  of  black  rubber  hose.  (The  hose  was 
composed  of  a combination  of  natural  rubber  and  various  synthetic  rubbers 
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and  contained  a braiding  of  polyester  knit  yarn.)  The  Standing  Operat- 
ing Procedure  addresses  the  unplugging  of  process  lines  due  to  white 
compound  build-up  and  requires  that  cleaning  be  accomplished  during 
operation  with  two  men  present  by  running  either  a steel  fish  or  teflon 
rod  through  the  lines  to  dislodge  this  material.  Although  the  SOP 
neither  allowed  nor  disallowed  the  use  of  a hose  for  this  purpose, 
testimony  indicates  that  it  was  common  practice  for  one  man  to  employ 
a rubber  hose  in  this  fashion.  This  hose  had  not  been  analyzed  for 
compatibility  with  the  nitration  mixture  of  Nitrato.r  3A. 

Tests  show  that  this  type  of  rubber  hose  reacts  with  a rapid 
temperature  rise  soon  after  immersion  in  acid-nitrobody  mixture  simu- 
lating the  operating  condition  of  Nitrator  3A. 

The  operator  stated  that  as  he  applied  this  procedure,  the  hose 
was  Jerked  from  his  hand.  (This  action  was  presumably  caused  by  the 
hose  wrapping  around  the  nitrator  shaft  inside  the  draft  tifce  of  Nitra- 
tor  3A).  At  this  point,  his  testimony  becomes  unclear  and  it  is  not 
possible  to  establish  all  of  his  actions.  However,  he  had  no  clear 
procedure  for  coping  with  this  typ^  of  emergency. 

There  was  a period  of  t.  le  (as  long  as  five  minutes)  between  entry 
of  the  hose  into  Nitrator  3-A  and  the  fire  during  which  the  operator 
remained  in  the  N&P  building,  probably  attempting  to  take  corrective 
action.  This  was  determined  by  examination  of  the  strip  chart  from 
the  12-point  temperature  recorder  located  in  the  A-line  utility  build- 
ing which  was  recovered.  It  indicates  the  existence  of  a period  of 
approximately  5 minutes  prior  to  the  explosion  during  which  Nitrators 
1A,  IB,  2,  3A,  and  3B  were  cooling. 

The  sensing  devices  for  the  12-point  recorder  as  well  as  sensors 
for  automatic  high  temperature  dump  and  for  cooling  water  control  are 
located  at  the  bottom  of  the  nitrators.  • A fourth  sensing  device  for 
the  high  temperature  alarm  is  in  the  top  of  the  nitrators. 

The  operator  stated  that  upon  seeing  a fire  in  Kit  rat- or  3A,  he 
evacuated  Building  9502.  He  also  stated  that  he  did  not  have  suffi- 
cient time  in  which  to  either  dump  the  charge  in  3A  or  activate  the 
building  sprinkler  system. 

A high  order  detonation  completely  destroyed  Building  9502  at  appro 
imately  1621  hours,  EDT. 

The  introduction  of  the  hose  in  the  draft  tube  of  Nitrator  3A 
resulted  in  a fire  in  that  vessel.  The  most  plausible  sequence  of 
events  is  as  follows : 


11,2 


After  an  induction  period,  the  hose  underwent  rapid  oxida- 
tion with  the  mixed  acid . The  heat  generated  by  this 
reaction  caused  a local  acceleration  of  the  nitration  reac- 
tions which  occur  in  3A  until  a critical  temperature  was 
reached.  At  this  point  the  oxidation  of  UNT/TNT  proceeded  as 
a runaway  reaction,  igniting  the  material  present  in  the  vessel . 

A possible  but  less  likely  initiation  mechanism  would  not  depend  on 
chemical  decomposition  of  the  hose,  but  upon  loss  of  agitation  due  to 
entanglement  of  the  hose  in  the  draft  tube.  This  could  allow  local- 
ised heating  within  the  draft  tube  to  cause  a runaway  reaction. 

The  fire  in  Nitrator  3A  transitioned  to  detonation  which  involved 
the  other  nitration  vessels  sympathetically. 

Due  to  the  nature  of  the  continuous  process,  the  exact  amount  of 
in-process  material  at  any  given  time  was  unknown. 

High  order  detonation  occurred  in  all  vessels  between  and  includ- 
ing Separator  2 and  the  acid  washer.  The  total  amount  of  Class  7 
material  contained  in  these  vessels  is  estimated  at  12,000  pounds,  A 
study  recently  completed  by  Livermore  Labs  indicated  an  effective  yield 
of  8,000  pounds  TNT. 

There  was  no  propagation  of  explosion  to  other  buildings. 

Blast  damage  to  adjacent  structures  although  severe  was  that 
expected  at  barricaded  intraline  distance.  Damage  to  unbarricaded 
buildings  in  the  TNT  area  ranged  from  substantial  to  total. 

Damage  to  the  administrative  barracks  area  at  900-1200  feet  from 
Building  9502  Included  complete  destruction  of  windows,  partial  destruc- 
tion of  doors,  some  rafter  breakage  (2  x 12 's)  and  interior  partition 
displacement . 

Approximately  90  percent  of  all  missiles  were  found  within  2200 
feet.  The  acid  .mix  tank  (empty  weight  of  5000  pounds),  located  on  the 
roof  of  Building  9502,  was  blown  a distance  of  approximately  2400  feet 
and  landed  in  the  Solvent  Recovery  Building  (l60l)„ 

Total  plant  damage  is  estimated  at  $10.5  million. 

There  were  16  disabling  and  approximately  100  non-disabling 
injuriec.  Three  of  the  disabling  injuries  occurred  in  the  TNT  area. 

The  large  uuraber  cf  injuries  was  due  to  flying  glass  and  other  mis- 
siles outside  the  TNT  area.  The  injuries  sustained  by  the  operator  are 
primarily  the  result  of  acid  burns.  He  was  the  only  injured  person  who 
sustained  burns  of  any  kind. 
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MAJOR  EXPLOSION  INVESTIGATION  MANAGEMENT 

LTC  R.  A.  Stephans,  USA 
Volunteer  Army  Ammunition  Plant 
Chattanooga,  TN 

Ladies  md  Gentlemen,  you  have  heard  Mr.  Moran  discuss  the  details  of  the 
Radford  explosion  from  the  report  aspect.  I would  like  to  address  the  manage- 
ment aspects  to  include: 

Administrative 

* 

Technical 

Legal 

After  Action 

Having  had  the  dubious  honor  of  being  the  President  of  the  Investigation  Board 
at  Radford,  I think  I'm  qualified  by  experience  to  make  this  short  talk.  This 
■discussion  is  particularly  important  to  the  DOD  since  the  TNT  line  that  blew 
at  Radford  was  a "sort-of ' prototype  to  the  modernized  method  of  TNT  production 
to  which  the  DOD  is  committed  to  the  tune  of  approximately  two  dozen  5U  ton  per 
day  production  lines  (either  in  operation,  being  constructed  or  planned). 

(VG  1) 

Since  our  time  is  very  limited,  I will  cover  only  tine  highlights  of  the  areas 
hown;  interject  what  I feel  were  the  important  aspects,  and  give  some  advice 
and  axioms. 

(VG  2) 

ADMINISTRATIVE  CONSIDERATIONS 

(1)  During 'that  first  day  of  the  investigation,  less  than  48  hours  after 
the  explosion,  there  was  a briefing  and  discussion  by  me,  a tour  of  the 
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explosion,  area,  and  a briefing  by  Radford  personnel  giving  everyone  a better 
understanding  of  the  facility  and  the  TNT  process  there . This  was  extremely 
important  in  getting  everyone  off  on  the  right  foot  with  a good  appreciation 
of  what  it  was  about.  My  briefing  covered  what  had  to  be  done  during  the 
investigation,  stressed  divorcing  the  members  from  their  home  station  jobs, 
and  asked  for  full,  free  and  frank  discussions. 

(2)  Of  the  ten  who  served  on  the  Board,  two  were  Safety  Engineers,  four 
were  practicing  Chemical  Engineers,  two  were  Legal  representatives,  one  was 

a Quality  Control  Specialist  and  me,  the  Commander  of  another  TNT  Plant.  All 
were  Department  of  the  Anny  civilian  employees  except  myself  and  an  Army  Captain 
who  was  an  Attorney. 

(3)  Regulatory  guidance  was  somewhat  lacking  but  it  presented  relatively 
few  problems.  Formal  appointment  orders  tc  the  Board  listing  the  regulations 
to  be  followed  were  not  published  until  17  days  after  the  incident.  Basically 
and  logically,  we  were  charged  with  finding  out  what  happened  and  making  recom- 
mendations for  corrective  action.  Because  of  the  importance  of  this  type  of 
TNI'  process  as  a forerunner  to  future  TNT  production,  an  added  element  of 
"Lessons  Learned"  was  tacked  on  to  the  investigation. 

(4)  Basically,  the  investigation  phases  consisted  of  data  gathering  and 
report  write-up.  Data  gathering  took  approximately  80  plus  percent  of  the  near- 
ly 2000  manhours  expended  by  the  Board.  It  was  a major  task  to  collect,  classify 
and  ferret  out  that  which  was  not  needed.  The  interrogation  of  29  witnesses 
started  two  days  after  initial  convening  and  lasted  until  about  two  weeks  pri^r 
to  Board  adjournment,  nearly  1 1/2  months  later..  Initial  phases  of  write-up 
were  farmed-out  to  a sub -commit tee  consisting  of  four  members  while  others 
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carried  on  added  chores,  such  as  classifying  gathered  data,  claims  responsi- 
bilities, summarizing  testimony,  etc.  Even  after  sub-committee  presentation, 
it  sometimes  took  in  excess  of  several  hours  to  agree  on  the  wording  of  perhaps 
one  key  sentence. 

(5)  The  Board  was  offered  and  received  the  full  support  of  several  outside 
agencies  in  the  pursuit  of  the  investigation.  We  received  help  from; 

(a)  The  Army  Corps  of  Engineers,  Crater  Research  Group  at  Lawrence 
Laboratories,  Livermore,  California. 

(b)  Norfolk  Engineer  District  - for  aerial  photos  and  construction  infor- 
mation. 

(c)  Canadian  Industries  Limited  - Operators  of  the  first  continuous  TNT 
lines  upon,  which  the  Radford  lines  were  based. 

(d)  DOD  Explosives  Safety  Board. 

(e)  Army  Material  Command  for  blast  attenuation  expertise  from  their  Systems 
Analysis  Agency. 

The  vast  majority  of  information  was  gathered  directly  from  the  Radford  Plant 
(without  whose  support,  the  investigation  would  have  been  impossible).  I must 
say  that  all  witnesses  from  Radford  were  very  candid,  open  and  eager  to  offer 
as  much  as  they  could  to  support  the  investigation. 

(6)  The  initial  actions  by  the  Board  arc  so  important  in  establishing  a 
confidence,  if  you  will,  in  the  eyes  of  the  higher  headquarters.  If  this  is 
not  achieved,  there  is  the  possibility  or  turmoil  resulting  from  interference 

in  the  guise  of  trying  to  help.  I believe  two  actions  on  the  part  of  the  Radford 
Board  set  the  tone  and  established  the  confidence  needed  from  our  higher 
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headquarters . * The  first  was  an  initial  telegram,  a quick  look  report,  deliver- 
ed the  day  after  the  Board  convened.  The  other  confidence  builder  was  the 
presentation  provided  to  the  Commander,  Armament  Comnand.  General  Raaen's  visit 
to  Radford  was  within  two  weeks  after  the  incident  and  during  the  Boards  two 
hours  with  him,  we  had  a general  investigation  briefing,  review  of  the  TNT  pro- 
cess and  information  about  data  gathering  to  include,  an  audio  tape  presentation 
of  key  witness  testimony.  Description  of  missile  fragment  reconstruction  and  a 
"Laboratory"  demonstration-  The  results  of  these  actions  somewhat  reduced  the 
pressure  from  the  higher  echelon  . 

(7)  As  I mentioned  earlier,  from  die  very  beginning,  I asked  for  open  and 
frank  discussions  and  I’m  sure  ycu  realize  that  during  any  committee  approach 
to  getting  something  done,  itS  extremely  difficult  to  achieve  unaminity, 
especially  among  a group  of  Engineers.  This  was  the  case  during  the  Radford 
investigation.  And,  despite  how  a higher  authority  may  look  upon  a minority 
report,  if  a member  or  members  choose  to  present  one,  it  must  be  included. 
Majority  Board  pressure  against  a minority  report  would  certainly  discredit 
the  final  report. 

(VG  3) 

TECHS' I CAL  ASPECTS 

As  in  any  investigation,  a complete  effort  is  required  even  though  the  specific 
cause  might  be  immediately  apparent.  It  is  very  easy  to  become  enamored  by  one 
seemingly  obvious  explanation  for  the  cause  and  be  blinded  by  facts  which  sup- 
port a less' evident  cause.  Keep  an  open,  unbiased  mind  throughout  the  investi- 
gation! Leave  no  stones  unturned, 
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An  approach  is  to  draw  a circle  around  the  area  and  check-out  everything 
that  went  in  or  out  to  include: 

People  - Their  training,  competence,  supervision,  attitude. 

Procedures  - All  written  documents  such  as  Safety,  Maintenance  and  of  course 
Operations. 

Material  Feeds  - Quality  vs  Specifications 
Utilities  - 

Maintenance  - History  of  the  process 

Reconstruction  of  missiles  from  the  explosion  is  also  very  vital  and  necessary; 
Weight,  iidssile  plots,  photos  are  all  required. 

LEGAL  ASPECTS 

Guided  by  Army  Regulations , a decision  had  to  be  made  relative  to  the  type  of 
investigation  being  performed.  I had  a choice  of  proceeding  along  the  lines 
of  purely  administrative  board  or  an  administrative  board  which  would  assess 
liability  on  the  part  of  individuals.  This  latter  type  is’ known  as  an  adversary 
board  and  .it  must  be  conducted  under  most  formal  legal  procedures. 

The  Radford  investigation  was  treated  similarly  to  an  airplane  accident  investi- 
gation where  two  different  boards  are  convened- -one  to  find  out  what  went  wrong 
and  a second  to  determine  specific  liability.  The  prime  basis  for  this  approach 
is  that  we  wanted  people  to  open  up  and  tell  what  happened  so  that,  if  need  be, 
corrective  action  could  be  applied  at  Radford  and  the  three  other  TNT  plants 
immediately.  In  an  adversary  Board,  witnesses  are  usually  accompanied  by 
council  and  free  interchange  and  forthright  discussions  are  difficult  to 
achieve.  Conducting  the  Board  under  adversary  conditions  would  certainly  have 
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set  an  undesirable  precedence  for  other  investigations. 


An  item  of  interest  is  that  there  were  attempts  by  both  OSHA  and  Union  repre- 
sentatives to  secure  membership  on  the  Investigation  Board.  Fortunately,  iny 
attorney  from  the  Chief  Council's  Office  at  Army  Material  Command,  had  been 
briefed  concerning  this  possibility.  He  simply  added  support  to  the  local 
commander  and  my  desire  to  prohibit  such  attendance.  There  were-  few  repre- 
cussions  after  the  negative  reply  on  their  attendance  was  issued. 

In  Investigation  Boards  such  as  Radford,  I could  understand  where  there  might 
be  the  possible  use  of  Command  influence.  This  is  where  a high  level  Government 
Official  (higher  than  the  Investigation  Board  President)  influences  the  Board  to 
produce  a "whitewash".  Such  was  not  the  case  at  Radford,  but  investigators  should 
bo  on  guard  for  this  normally  remote  possibility. 

AFTER  ACTION 

The  completion  of  the  investigation  write-up  doesn't  necessarily  mean  that  the 
work  is  over. 

(1)  The  area  of  the  explosion  must  be  cleaned  up.  But  this  must  be  done 
carefully.  There  may  be  unexploded  materials  or  other  hazards.  In  the  case 
of  Radford,  there  were  extreme  hazards  to  include  a bu.ild-up  of  nitric  and 
sulfuric  acid  on  the  ground  and  solidified  intermediates  of  the  TNI’  process  in 
two  adjacent  production  lines.  Decontamination  of  the  TNT  lines  has  only  now 
begun,  duo  to- the  complexity  of  the  task  and  other  priority  activity. 

(2)  The  sheer  volume  of  the  report  of  investigation  (29  pounds  in  five 
volumes)  required  an  extensive  briefing  at  AR'-IAMEXT  Command  before  GEN  Raaen 
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and  His  Staff,  the  briefing  alone  took  1 1/2  hours  and  was  presented  four  days  1 

pi 

after  the  report  was  couple  ted.  1 

n 

(3)  If  the  truth  be  known,  as  some  of  you  here  may  agree,  it  is  easy  to 

draw  out  the  time  an  Investigation  Board  is  convened  in  search  of  added  infer-  1 

n 

mation  and  data  which  may  be  relevant.  But,  aftei  a reasonable  amount  of  data 

m 

is  gathered,  a judgment  must  be  made  as  to  sufficiency.  Tliis  may  not  be  an  easy 

decision  to  make.  There  may  be  later  evidence  found  that  would  tend  to  alter 

some  information  presented  but  that  is  a risk  one  has  to  take.  Therefore,  there 

fei 

should  be  action  taken  to  insure  information  pertinent  to  the  investigation  is 

m 

forwarded  even  after  the  report  is  completed. 

pi 

(4)  Finally,  those  individuals  and  support  agencies  who  contributed  to 

I 

the  investigation  should  be  recognized.  As  a minimum,  a letter  of  appreciation  ' 

& 

from  the  Headquarters  appointing  the  Board  is  in  order. 

(VG  4) 

v’% 

%’r§: 

SAFETY  1 

What  then,  after  this  extensive  investigation  and  beyond  the  specific  formal 

; 

It 

recommendations,  can  be  said  to  minimize  the  chance  for  a similar  disaster 

or,  if  one  occurs,  to  reduce  casualties  at  any  other  plant  or  installation? 

, ' * 

It  is  my  observation,  that  in  order  to  minimize  the  chance  of  a disaster,  the  ! 

r 1 

following  should  be  accomplished: 

1.  First  analyze  the  hazards  that  are  possible  at  the  area  of  concern. 

2.  Insure  that  operating  procedures  are  written  correctly,  and  most 

importantly,  that  they  are  being  followed.  1 
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3.  Seek  outside  evaluations  of  the  area  because  it  is  too  easy  not  to  see 
the  forest. 

4.  Finally,  secure  periodic  re-evaluations  relative  to  hazards. 

In  order  to  minimize  casualties  if  a like  disaster  takes  place,  'die  following 
should  be  accomplished: 

1.  Provide  correct  and  immediate  actions  during  a disaster. 

2.  Have  a good  disaster  control  plan  and  make  sure  it  is  studied  and 
known  by  all. 

3.  Insure  that  the  disaster  control  plan  is  periodically  exercised  with 
critique  and  follow-up  corrective  action. 

4.  Alert  outside  disaster  relief  agencies  (fire,  ambulance,  police)  for 
possible  support  requirements. 

5.  Knew  where  the  potentials  for  disaster  are;  such  as,  concentrations 
of  explosives,  toxic  chemicals,  flammables:  plus  disasters,  from  natural 
causes  --  fire,  flood  or  other  acts  of  God. 

6.  Finally,  prepare  for  disaster  at  the  most  inopportune  time  and  con- 
ditions, Remember  Murphy's  Law! 

Ladies  and  Gentlemen,  I hope  that  this  short  presentation  covering  the  adminis- 
trative, technical,  legal  and  after  after  aspects  of  a major  explosive  incident 
investigation,  plus  the  remarks  relating  to  safey,  have  been  of  interest. 
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Ill  - OTHER  CONCLUSIONS  AND  RECOMMENDATIONS 


HAZARD  ANALYSIS  AS  AN  ACCIDENT  PREVENTION  TOOL 


Mr.  H.  E.  Lindler 
AMC  Field  Safety  Agency 
Charlestown,  Ind. 

DURING  THIS  PORTION  OF  THE  SESSION  I WOULD  LIKE  TO  DISCUSS 
THE  USE  OF  HAZARD  ANALYSIS  AS  AN  ACCIDENT  PREVENTION  TOOL. 

ALTHOUGH  THE  31  MAY  1974,  EXPLOSION  AT  RADFORD  ARMY 
AMMUNITION  PLANT  WILL  BE  USED  FOR  DISCUSSION  PURPOSES,  IT 
SHOULD  BE  REMEMBERED  THAT  THE  VARIOUS  TECHNIQUES  OF  HAZARD 
ANALYSIS  CAN  BE  APPLIED  TO  ANY  PROCESS  WITH  POSITIVE  RESULTS. 

A GOOD  STARTING  POINT  FOR  THIS  DISCUS.  N IS  MIL-STD-882 
(SYSTEM  SAFETY  PROGRAM  FOR  SYSTEMS  AND  ASSOCIATED  SUB- 
SYSTEMS AND  EQUIPMENT:  REQUIREMENTS  FOR,  15  JULY  1969). 

THIS  DOCUMENT  STATES  THAT  ANALYSES  ARF,  PERFORMED  TO 
IDENTIFY  HAZARDOUS  CONDITIONS  FOR  THE  PURPOSE  OF  THEIR 
ELIMINATION  OR  CONTROL.  IT  FURTHER  STATES  THAT  ANALYSES 
WILL  BE  CONDUCTED  ON  THE  SYSTEM,  I.E.  THE  PRODUCTION  LINE, 

IN  THIS  CASE,  THE  SUBSYSTEM,  I. E.  FACILITIES,  UTILITIES  AND 
WORK  STATIONS  TO  INCLUDE  EQUIPMENT,  TOOLS,  PROCEDURES, 

AND  TRAINING,  AND  THEIR  INTERFACES. 

HAZARDOUS  CONDITIONS  ARE  CLASSIFIED  BY  MIL-STD-882 
ACCORDING  TO  THE  MOST  SEVERE  RESULTS  OF  PERSONNEL  ERROR, 
ENVIRONMENT,  DESIGN  CHARACTERISTICS,  PROCEDURAL 

769 

Preseamg  oage  Man* 


DEFICIENCIES  OR  PROCESS  EQUIPMENT  FAILURE  OR  MALFUNCTION. 
(VIEW  #1  - ON)  AS  YOU  CAN  SEE,  THEY  COVER  TWO  BROAD  AREAS, 
PERSONNEL  AND  EQUIPMENT  SAFETY,  AND  ARE  DIVIDED  INTO  FOUR 
CLASSES,  I.  E.  NEGLIGIBLE,  MARGINAL,  CRITICAL.  AND  CATASTROPHIC. 
THE  "MIL-STDM  REQUIRES  THAT  ACTION  BE  TAKEN  TO  RESOLVE  ALL 
HAZARDS  REVEALED  BY  ANALYSES  OR  RELATED  ENGINEERING  EFFORTS 
AND  THAT  ALL  CATEGORY  m AND  IV  HAZARDS  BE  ELIMINATED  OR 
CONTROLLED  TO  AN  ACCEPTABLE  LEVEL. 

ALTHOUGH  THESE  CATEGORIES  DO  PROVIDE  VALUABLE  GUIDANCE, 
ONE  MUST  REMEMBER  THAT  THE  FOUR  CLASSES  ARE  INTENDED  TO 
BE  APPLICABLE  TO  A WIDE  VARIETY  OF  PROGRAMS.  CONSEQUENTLY, 
IT  IS  REALLY  NOT  FEASIBLE  TO  EXPECT  THESE  TERMS  TO  PROVIDE 
A USEFUL  SERVICE  UNLESS  SOME  EFFORT  IB  EXPENDED  TOWARD 
ADAPTING  THEM  TO  A PARTICULAR  PROGRAM.  THIS  ADAPTATION 
SHOULD  INCLUDE  DEFINITE  TRANSITION  POINTS  FROM  ONE  CONDITION 
TO  THE  NEXT  IN  ORDER  TO  PROVIDE  THE  USER  WITH  A TOOL  TO 
MEASURE  THE  MAGNITUDE  OF  HIS  PROBLEMS  AND  ALLOW  HIM  TO 
KNOW  WHERE  TO  CONCENTRATE  HIS  EFFORT  (VIEW  #1  - OFF), 

(VIEW  #2  - ON)  FOR  THE  CASE  AT  HAND,  WE  MIGHT  MAKE  USE 
OF  SOME  INFORMATION  RECENTLY  PUBLISHED  BY  THE  NAVY  IN 
P art  IV  OF  NAVORD  OD  44942  (WEAPON  SYSTEM  SAFETY  GUIDELINES 
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HANDBOOK,  HAZARD  CONTROL  FOR  EXPLOSIVE  ORDNANCE 
PRODUCTION,  15  JANUARY  1974). 

NOTE  THAT  GUIDELINES  ARE  PROVIDED  FOR  ACCEPTABLE 
LEVEL  OF  RISK  AS  A FUNCTION  OF  HAZARD  CATEGORY  AND 
ESTIMATED  PROBABILITY  OF  OCCURRENCE.  NOTE  FURTHER 
THAT  ACCEPTABLE  PROBABILITIES  OF  OCCURRENCE  FOR  CATEGORY 
IV  HAZARDS  VARY  WITH  SEVERITY  OF  CONSEQUENCE.  IN  OTHER 
WORDS,  THE  FIGURE  OF  10“6  IS  TAKEN  AS  AN  ORDER  -OF -MAGNITUDE 
VALUE  OF  MAXIMUM  ACCEPTABLE  PROBABILITY  OF  ACCIDENT  FOR 
A CATEGORY  IV  HAZARD.  WHEN  THE  CONSEQUENCES  OF  A HAZARD 
EXTEND  TO  MULTIPLE  DEATHS  OR  SEVERE  INJURIES,  OR  TO  OTHER 
PERSONNEL  AND  EQUIPMENT  BEYOND  THE  PARTICULAR  SYSTEM, 
SMALLER  ACCEPTABLE  PROBABILITIES  MUST  BE  ASSUMED  (VIEW  #2  - 
OFF). 

THIS  IS,  OF  COURS"  JUST  ONE  OF  MANY  APPROACHES  THAT 
COULD  BE  USED.  THE  IMPORTANT  THING  TO  REMEMBER  HERE  IS 
THAT  PROPER  HAZARD  CATEGORIZATION  IS  THE  FIRST  STEP  IN 
IDENTIFYING  HAZARDOUS  CONDITIONS  AND  DOWNGRADING  THEM  TO 
AN  ACCEPTABLE  LEVEL,  WHICH  IS  THE  WHOLE  POINT  OF  ANY 
SAFETY  ANALYSIS  EFFORT. 

INSOFAR  AS  SPECIFIC  ANALYSES  ARE  CONCERNED,  FOUR  TYPES 
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ARE  DESCRIBED  IN  MIL-STD-882.  THEY  CAN  BE  INTEGRATED  INTO 
THE  PRODUCTION  LIFE  CYCLE  AS  SHOWN  IN  THE  VIEW  (VIEW  # 3 - ON) 

AND  INCLUDE: 

a.  PRELIMINARY  HAZARD  ANALYSIS  (PHA),  THE  PHA  IS  JUST 
WHAT  THE  TITLE  IMPLIES  — IT  IS  THE  PRELIMINARY  OR  INITIAL 
EFFORT  TO  ANALYZE  THE  DESIGN  CONCEPT  AND  E A STUDY  OF 
MAJOR  HAZARDS  IN  GROSS  TERMS  ASSOCIATED  WITH  THE  PRODUCTION 
LINE.  SOME  OF  THE  MORE  BASIC  HAZARDS  THAT  MAY  BE  ENCOUNTERED 
INCLUDE  FIRE,  EXPLOSION,  PERSONNEL  EXPOSURE  TO  HAZARDOUS 
MATERIALS,  AND  INADVERTENT  RELEASE  OF  POTENTIAL  AND  KINETIC 
ENERGY.  A FAIRLY  COMPLETE  LIST  OF  AREAS  TO  BE  CONSIDERED 
MAY  BE  FOUND  IN  MIL-STD-882.  BY  CONSIDERING  EACH  OF  THESE 
BASIC  HAZARD  AREAS,  IT  IS  POSSIBLE  TO  ASK  SUCH  QUESTIONS  AS: 

"IS  IT  POSSIBLE  TO  HAVE  AN  EXPLOSION  IN  THE  SYSTEM  ?"  "IS 
ELECTRICAL  ENERGY  BEING  USED,  AND  IF  SO,  HOW  MUCH  AND  WHERE?" 
IN  GENERAL,  THE  MORE  EXPERIENCE  THE  ANALYST  HAS  PERTAINING 
TO  SYSTEM/SUBSYSTEM/COMPONENT  IN  QUESTION,  THE  MORE 
THOROUGH  AND  ACCURATE  THE  INITIAL  HAZARD  IDENTIFICATION 
AND  EFFECTS  DESCRIPTION  WILL  BE,  AND,  IN  TURN,  THE  MORE 
USEFUL  AND  VALID  THE  SAFETY  ANALYSIS  THROUGHOUT  THE 
PROGRAM  WILL  BE. 
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SEVERAL  DIFFERENT  FORMATS  FOR  ACCOMPLISHING  THE 


PHA  HAVE  BEEN  DEVELOPED  INCLUDING  COLUMNAR,  NARRATIVE 
AND  LOGIC  DIAGRAM.  A VERY  BRIEF  EXAMPLE  HAS  BEEN  PREPARED 
USING  THE  COLUMNAR  APPROACH.  THIS  PARTICULAR  FORMAT  IS 
USED  BY  WILLIE  HAMMER  IN  HIS  RECENTLY  PUBLISHED  "HANDBOOK 
OF  SYSTEM  AND  PRODUCT  SAFETY"  (VIEW  #3  - OFF.  VIEW  M ~ QNL 

AS  YOU  CAN  SEE,  THE  FORMAT  CONSISTS  OF  FOUR  COLUMNS 
DESCRIBING  THE  HAZARD,  ITS  CAUSE,  THE  RESULTING  EFFECTS, 

THE  CATEGORY  OF  HAZARD,  AND  A DESCRIPTION  OF  THE  MEASURES 
TAKEN  TO  PREVENT  THE  HAZARD.  SINCE  THIS  IS  ONLY  A PARTIAL 
ANALYSIS,  IT  SHOULD  BE  NOTED  THAT  THE  COMPLETED  PHA  WOULD 
INCLUDE  CONSIDERATION  OF  THE  ENTIRE  PROCESS  INCLUDING 
NITRATION,  PURIFICATION,  FINISHING  AND  THE  VARIOUS  SUPPORT 
AREAS. 

THE  PHA  ACCOMPLISHES  TWO  THINGS  Ji«  THAT  IT  PROVIDES 
INITIAL  SAFETY  DESIGN  REQUIREMENTS  AND  IDENTIFIES  HIGH-RISK 
AREAS  WHICH  MUST  BE  SUBJECTED  TO  FURTHER  ANALYSIS  (VIEW  #4  - 
OFF,  VIEW  #5  - ON). 

b.  SUBSYSTEM  HAZARD  ANALYSIS  (SSHA).  THE  SSHA  IS  A 
SYSTEMATIC  EVALUATION  OF  EACH  SUBSYSTEM  TO  DETERMINE  HOW 
MUCH  EACH  PART  COULD  CONTRIBUTE  TO  CREATING  A HAZARD 
IDENTIFIED  IN  THE  PHA. 
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AT  THE  POINT  IN  TIME  THAT  THIS  TYPE  OF  ANALYSIS  IS 


PERFORMED,  CONSIDERABLY  MORE  WOULD  BE  KNOWN  ABOUT 
THE  SYSTEM,  CONSEQUENTLY,  THE  ANALYSIS  CAN  GO  INTO  MORE 
DETAIL,  I.E.  IT  CAN  BE  MORE  SPECIFIC. 

A NUMBER  OF  TECHNIQUES  HAVE  BEEN  DEVELOPED  FOR  THIS 
PURPOSE,  INCLUDING  THE  FAILURE  MODE  AND  EFFECT  (FMEA) 

AND  FAULT  TREE  ANALYSES. 

IN  THE  FMEA  THE  ANALYST  LOOKS  AT  EACH  COMPONENT  IN 
THE  SUBSYSTEM  AND  ASKS  THE  QUESTION:  "HOW  CAN  THIS  PART 
FAIL  AND  WHAT  IS  THE  CONSEQUENTIAL  EFFECT  ON  THE  SUBSYSTEM 
AND  SYSTEM  ?"  THIS  TYPE  OF  APPROACH  IS  SOMEWHAT  LIMITED  IN 
THAT  IT  IS  BEST  SUITED  TO  THE  EXAMINATION  OF  SINGLE-POINT 
FAILURES. 

SINCE  ACCIDENTS  USUALLY  OCCUR  AS  A RESULT  OF  COMBINATIONS 
OF1  EVENTS,  MUCH  USE  IS  MADE  OF  THE  FAULT  TREE  TECHNIQUE 
WHICH  HAS  THE  CAPABILITY  OF  EXAMINING  THE  PROCESS  IN  EXTREME 
DETAIL  ANT)  ESTABLISHING  THE  VARIOUS  COMBINATIONS  OF  EVENTS 
WHICH  COULD  LEAD  TO  THE  IJNDESIRED  EVENT. 

THE  FAULT  TREE  BEGINS  WITH  SOME  UNDESIRED  EVENT 
PREVIOUSLY  DEFINED,  TYPICALLY  BY  EITHER  A PHA  OR  FMEA, 

THEN  WORKS  BACKWARD  TO  DIAGRAM,  USING  THE  PRINCIPLES  OF 
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FORMAL  LOGIC,  CONTRIBUTORY  CAUSES  IN  THE  FORM  OF  A 
"TREE"  WITH  CAUSATIVE  PATHS  AS  BRANCHES. 

AS  AN  EXAMPLE  OF  HOW  THE  TECHNIQUE  CAM  BE  USED, 

CONSIDER  THE  HAZARD  OF  "FIRE  OR  EXPLOSION"  IN  THE  N&P 
BUILDING  IDENTIFIED  EARLIER  IN  THE  PHA. 

(VIEW  #5  - OFF,  VIEW  #6  - ON)  STARTING  WITH  THE  EVENT, 

THE  QUESTION  E ASKED:  "HOW  CAN  IT  OCCUR  ?"  IT  CAN  BE  SEEN 
THAT  THE  TOP  EVENT  CAN  BE  CAUSED  BY  FIRE  OR  EXPLOSION  IN 
EITHER  THE  TOLUENE  FEED  SYSTEM,  A NITRATOR,  THE  PURIFICATION 
SYSTEM,  OR  THE  EXHAUST  SYSTEM.  THE  "TREE"  IS  EXPANDED  BY 
AGAIN  ASKING,  "HOW  CAN  EACH  OF  THESE  EVENTS  OCCUR  ?"  THE 
PROCESS  IS  REPEATED  UNTIL  A LEVEL  IS  REACHED  AT  WHICH 
CORRECTIVE  ACTION  CAN  BE  TAKEN. 

CONSIDER  THE  CASE  OF  "EXPLOSION  IN  A NITRATOR . ” THIS 
COULD  RESULT  IF  THERE  WERE  A FIRE  IN  THE  VESSEL  AND  TRANSITION 
TO  DETONATION  OCCURRED.  THE  FIRE  COULD  RESULT  IF  THE  TNT- 
ACID  EMULSION  WERE  INITIATED  EY  IMPACT,  THERMAL  BUILD-UP , 
FRICTION,  OR  A FIRE  OR  EXPLOSION  IN  THE  FUME  EXHAUST  LINE. 

IF  INITIATION  DUE  TO  THERMAL  BUILD-UP  SS  DEVELOPED, 

ONE  OF  ITS  CAUSES  CAN  BE  TRACED  TO  INADEQUATE  COOLING  OF 
THE  NITRATOR  (VIEW  #6  - OFF,  VIEW  #7  - ON)  WHICH  CAN  RESULT 
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FROM  EITHER  INSUFFICIENT  HEAT  REMOVAL  BY  THE  COOLING 
COILS  OR  T TCESSfVE  REACTION  RATE  IN  THE  NITRATOR.  THE 
LATTER  COULD  RESULT  FROM  EITHER  AN  EXCESSIVE  NITRATION 
RATE  OR  FROM  INCOMPATIBLE  MATERIALS  BEING  INTRODUCED 
INTO  THE  NITRATOR  (VIEW  #7  - OFF,  VIEW  #8  - ON). 

EXAMINATION  OF  THE  INTRODUCTION  OF  INCOMPATIBLE 
MATERIALS  INTO  THE  NITRATOR  ULTIMATELY  LEADS  TO  THE 
CONCLUSIONS  THAT: 

X.  ALL  LOOSE  MATERIALS  IN  THE  NITRATION  AND  PURIFICATION 
OPERATION  SHOULD  BE  IDENTIFIED. 

2.  PRIOR  TO  ACCEPTANCE,  THESE  MATERIALS  SHOULD  BE 
TESTED  FOR  COMPATIBILITY/RE ACTIVITY  WITH  THE  ENTIRE 
PROCESS  TO  INCLUDE  INTERMEDIATE  AS  WELL  AS  END  PRODUCTS. 

3.  THOSE  MATERIAL  FOUND  TO  BE  INCOMPATIBLE  SHOULD  BE 
EITHER  DISALLOWED,  SUBSTITUTED  WITH  A COMPATIBLE  MATERIAL, 
OF  CONTROLLED  IN  A POSITIVE  MANNER . 

4.  PROCEDURES  SHOULD  BE  REVIEWED  TO  INSURE  THAT  THEY 
WILL  NOT  ENCOURAGE  THE  USE  OF  UNAUTHORIZED  TOOLS  OR 
MATERIALS.  (VIEW  #8  - OFF). 

NOTE  THAT  WE  HAVE  DISCUSSED  ONLY  ONE  SMALL  PORTION  OF 
THE  TREE  FOR  ONE  SUBSYSTEM  TO  ANY  DEGREE  OF  DETAIL. 
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WHEN  THIS  APPROACH  IS  TAKEN  FOR  ALL  PARTS  OF  ALL  SUB- 
SYSTEMS, A TREMENDOUS  AMOUNT  OF  SAFETY  INFORMATION 
IS  GENERATED,  EARLY  IN  THE  LIFE  OF  THE  PRODUCTION  LINE, 
RELATIVE  TO  TRAINING  REQUIREMENTS,  INPUTS  TO  OPERATING 
AND  MAINTENANCE  PROCEDURES  AND  FACILITY/UTILITY/EQUIPMENT 
DESIGN. 

(VIEW  #9-  ON),  c.  SYSTEM  HAZARD  ANALYSIS  (SHA).  THE 
THIRD  TYPE  OF  ANALYSES  DISCUSSED  IN  '882M  IS  THE  SYSTEM 
HAZARD  ANALYSIS.  IT  IS  PERFORMED  TO  IDENTIFY  HAZARDS 
ASSOCIATED  WITH  THE  INTEGRATION  OF  SUBSYSTEMS  IN  FORMING 
A COMPLETE  SYSTEM,  AND  THE  INTEGRATION  OF  THE  SYSTEM  WITH 
OTHER  SYSTEMS,  E.G.,  OTHER  PRODUCTION  LINES,  LOADING  DOCKS, 
ADMINISTRATIVE  AREAS,  WASTE  DISPOSAL  AREAS,  ROADWAYS,  ETC., 
OR  BY  THE  SYSTEM  OPERATING  AS  A WHOLE.  SUBSYSTEMS  MAY 
INDUCE  CERTAIN  HAZARDS  DURING  OR  AFTER  INTEGRATION  THAT 
WERE  NOT  PRESENT  OR  READILY  APPARENT  DURING  THE  CONDUCT 
OF  THE  SUBSYSTEM  HAZARD  ANALYSIS.  THE  SHA  IDENTIFIES  THESE 
AND  OTHER  UNSAFE  CONDITIONS  PERTAINING  TO  INTERFACE 
RELATIONSHIPS,  SECONDARY  FAILURE  EFFECTS,  INSUFFICIENT 
SPACING  OR  CLEARANCES,  ENVIRONMENTAL  CONTAMINATION, 
UNSAFE  INSTALLATIONS  AND  OTHER  AREAS  RELATED  TO  TOTAL 


SYSTEM  INTEGRATION,  TECHNIQUES  SIMILAR  TO  THOSE  DBCUSSED 
EARLIER  ARE  USED  IN  THE  TYPE  OF  ANALYSIS. 

d.  OPERATING  HAZARD  ANALYSE  (OHA).  THE  OHA  JB  CONDUCTED 
TO  IDENTIFY  THOSE  HAZARDS  THAT  MAY  BE  ENCOUNTERED  DURING 
OPERATION  AND  MAINTENANCE  OF  THE  VARIOUS  EQUIPMENT  AND 
HARDWARE  REQUIRED  THROUGHOUT  THE  PRODUCTION  PROCESS. 
ALTHOUGH  THB  ANALYSIS  MUST  CONSIDER  EQUIPMENT  DAMAGE 
THAT  COULD  RESULT  FROM  IMPROPER  OR  CARELESS  OPERATION, 
EMPHASIS  IS  PLACED  ON  HAZARDS  THAT  COULD  RESULT  IN  PERSONNEL 
INJURY.  THE  CHA  BEGINS  AS  A FUNCTION  OF  THE  PHA  AND  EARLY 
SSHA  TO  IDENTIFY  NECESSARY  SAFETY  CONTROLS  AND  CONSTRAINTS 
TO  BE  INCLUDED  IN  EQUIPMENT  AND  FACILITY  DESIGN  TO  ENSURE 
MAXIMUM  SAFETY  OF  BOTH  OPERATOR  AND  MAINTENANCE  PERSONNEL. 
HOWEVER,  AFTER  THE  EQUIPMENT  HAS  BEEN  PLACED  OR  INSTALLED 
IN  ITS  OPERATIONAL  ENVIRONMENT,  A FORMALIZED  OHA  IS  PERFORMED. 
THE  OBJECTIVE  IS  TO  IDENTIFY  REAL-LIFE  HAZARDS  CREATED  BY 
MAN-MACHINE  INTERFACES  AND  TO  DEVELOP  PROCEDURES  OR 
RECOMMEND  EQUIPMENT  CHANGES  TO  MINIMIZE  THE  EFFECTS  OF 
THESE  HAZARDS.  (VIEW  #9  - OFF,  VIEW  #10  - ON).  A TYPICAL 
OPERATING  HAZARD  ANALYSIS  MATRIX  E3  SHOWN  ON  THE  VIEW. 

BRIEFLY,  EACH  TASK  COMPRISING  THE  OPERATION  UNDER  STUDY 
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3S  ANALYZED  FOR  THOSE  ELEMENTS  WHICH  ARE  INHERENTLY 
HAZARDOUS.  RESULTING  POTENTIAL  ACCIDENTS  AND  EFFECTS 
ARE  IDENTIFIED,  CATEGORIZED  ACCORDING  TO  HAZARD  LEVEL 
AND  APPROPRIATE  REQUIREMENTS  SPECIFIED  TO  ELIMINATE  OR 
REDUCE  HAZARDS.  THE  OHA  WILL  IDENTIFY  ADDITIONAL  SAFETY 
TRAINING  REQUIREMENTS;  DEVELOP  ADDITIONAL  SAFETY  INPUTS 
TO  THE  STANDING  OPERATING  PROCEDURE;  DEFINE  THE  NEED  FOR 
WARNING  SIGNS  AND  SAFETY  PLACARDS;  AND  IDENTIFY  SAFETY 
REQUIREMENTS  FOR  MAINTENANCE  PROCEDURES.  THE  OHA  WELL 
FURTHER  DEFINE  THE  NEED  FOR  EMERGENCY  PROCEDURES  AND 
EQUIPMENT.  THE  OHA  E UPDATED  (NORMALLY  WITHIN  SIX  MONTH 
INTERVALS  AS  AN  AUDIT)  THROUGHOUT  THE  PRODUCTION  PERIOD  TO 
ENSURE  THAT  THE  EARLIER  SAFETY  CONSIDERATIONS  ARE  MAINTAINED 
AND  THAT  NEW,  UNCONTROLLED  HAZARDS  HAVE  NOT  BEEN  INTRO- 
DUCED INTO  THE  SYSTEM.  (VIEW  #10  - OFF). 

THIS  THEN  HAS  BEEN  A BRIEF  INTRODUCTION  TO  HAZARD 
ANALYSIS  AND  ITS  APPLICATION  TO  THE  PRODUCTION  ENVIRONMENT. 

I WOULD  POINT  OUT  THAT  IT  IS  IMPERATIVE  THAT  HAZARD  CONTROL 
RECOMMENDATIONS,  BASED  ON  THE  RESULTS  OF  COMPREHENSIVE 
ANALYSES,  BE  DEFINED  DURING  THE  EARLY  PHASE  OF  PRODUCTION 
LINE  PLANNING,  DESIGN  AND  LAYOUT  SINCE  THE  INCLUSION  OF 
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HAZARD  CONTROLS  BECOMES  PROGRESSIVELY  MORE  DIFFICULT 
AS  DEVELOPMENT  OF  THE  PRODUCTION  LINE  ADVANCES. 

IN  CONCLUSION,  IT  SHOULD  BE  NOTED  THAT  HAZARD  ANALYSIS 
AS  A PART  OF  THE  OVERALL  SYSTEM  SAFETY  TYPE  OF  APPROACH 
E A WAY  TO  IMPROVED  PERFORMANCE,  A DESIRE  SHARED  BY  ALL 
DEDICATED  SAFETY  PERSONNEL.  EVEN  THOUGH  THERE  ARE  A FEW 
NEW  CONCEPTS  AND  TECHNIQUES  INVOLVED  IN  THE  DISCIPLINE, 

THE  BASIC  CONCEPT  OF  ACCIDENT  PREVENTION,  THE  CORNERSTONE 
OF  THE  TRADITIONAL  SAFETY  PROGRAM,  S1ILL  PREVAILS.  IT  E 
ONLY  IN  THE  APPROACH  TO  A PROBLEM  THAT  THE  "OLD"  AND  "NEW" 
DIFFER.  IN  CONTRAST  TO  THE  TRADITIONAL,  PROTECTIVE  APPROACH, 
THE  SYSTEM  SAFETY  APPROACH  E PREVENTATIVE  IN  NATURE, 

SEEKING  SOLUTIONS  TO  PROBLEMS  BEFORE  THEY  BECOME  LOSSES. 

THANK  YOU  AGAIN  FOR  THIS  OPPORTUNITY  TO  SPEAK  ON  THE 
SUBJECT  OF  HAZARD  ANALYSIS  AND  FOR  YOUR  KIND  ATTENTION. 
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HAZARD  CATEGORIES 
(MIL  - STD  882) 

CONDITIONS  SUCH  THAT  PERSONNEL  ERROR,  ENVIRONMENT,  DESIGN 
CHARACTERISTICS,  PROCEDURAL  DEFICIENCIES,  OR  SUBSYSTEM  OR 
COMPONENT  FAILURE  OR  MALFUNCTION: 

(A)  CATEGORY  I-NEGLIGJBLE WILL  NOT  RESULT  IN  PERSONNEL 

INJURY  OR  SYSTEM  DAMAGE. 

(B)  CATEGORY  II-MARGINAL CAN  BE  COUNTERACTED  OR  CONTROLLED 

WITHOUT  INJURY  TO  PERSONNEL  OR  MAJOR  SYSTEM  DAMAGE. 

(C)  CATEGORY  IH-CRITICAL WILL  CAUSE  PERSONNEL  INJURY  OR 

MAJOR  SYSTEM  DAMAGE,  OR  WILL  REQUIRE  IMMEDIATE  CORRECTIVE 
ACTION  FOR  PERSONNEL  OR  SYSTEM  SURVIVAL. 

(D)  CATEGORY  IV-CATASTROPHIC. . . . WILL  CAUSE  DEATH  OR  SEVERE 
INJURY  TO  PERSONNEL,  OR  SYSTEM  LOSS. 


(View  #1) 
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POSSIBLE  HAZARD  CATEGORIES  FOR  CONTINUOUS  TNT  PLANT 
(ADAPTED  FROM  MIL  - STD  882) 


HAZARD 

CATEGORY 


^NEGLIGIBLE 


DEFINITION  LIMIT  OF  RISK 

ACCEPTABILITY 
(MAX.  ALLOW. 
PROBABILITY  OF 
OCCURRENCE) 

NO  INJURY— <$50  DAMAGE  10"1 


H- MIN  OR 


FIRST  AID  INJURY  ONLY— 

<$10, 000  DAMAGE  10" 


ID-CRITICAL  FAILURE  OF  AUTOMATIC 

CONTROLS  WILL  RESULT 
IN  CATEGORY  IV  EVENT  10 


IV- CATASTROPHIC  SERIOUS  INJURY/DEATH 

TO  OPERATOR— <$25, 000 
DAMAGE  10 


SERIOUS  INJURY/DEATH 
TO  MULTIPLE  OPERATORS— 

IOSS  OF  WORK  STATION/ 
BUILDING  10 


SERIOUS  INJURY/DEATH 
TO  MULTIPLE  OPERATORS-' 

LOSS  OF  PRODUCTION 

LINE  10' 


(View  #2) 
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HAZARD  ANALYSIS  SEQUENCE  IN  THE  PRODUCTION  LINE  LIFE  CYCLE 


(View  #3; 


(Vie*1  #U) 


HAZARD  ANALYSIS  SEQUENCE  IN  THE  PRODUCTION  LINE  LIFE  CYCLE 


(View  .#5) 
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F/E  in  fel*j 

impact 

heat  rise 
■ 

friction 

acceasivo 

Sufficient 

beep,  rise 

energy  for 

Ln  nitrator 

initiation 

NOTE: 


F/E  • fire  or  explosion 
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TYPICAL  OPERATING  HAZARD  ANALYSIS  FORMAT 
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